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SEPTEMBER, 1930 


THE SKELETON OF THE TRUNK AND LIMBS OF 
HIGHER PRIMATES 


BY ADOLPH H. SCHULTZ 
Laboratory of Physical Anthropology, Johns Hopkins University 
INTRODUCTION 


During the last few years the Laboratory of Physical Anthropology 
of the Johns Hopkins University obtained the complete skeletons of 
twelve gorillas. It seemed desirable to describe this valuable series 
in detail so that it would become available to other investigators. It 
soon became apparent, however, that the mere recording of individual 
variations in one limited group of apes could produce but few answers 
to the many tantalizing questions arising from the study of the skeleton 
of that ape which most closely resembles man. The original plan 
grew by degrees into a research program for comparative studies on 
all the recent higher primates, including the gibbon, the siamang, the 
three large apes, and man. For this comprehensive purpose various 
other collections had to be visited. In these the author found such a 
wealth of material, of which the largest part had never before been 
used for an investigation of this nature, that he was confronted with 
the alternative of studying either only a few of all the available 
specimens, but these in full detail, or else all the extensive series, but 
only in regard to the main features. The latter course was adopted 
for a number of reasons. It had been found that the higher primates 
vary individually to such a degree that numerous specimens are 
indispensable for reliable definitions of the typical and average con- 
ditions of most skeletal characters. Furthermore, this remarkable 
variability is in itself of great significance in the investigation of 
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phylogenetic relationships between different primates. It seems 
particularly important to determine the ranges of individual variations 
within a species or genus and the degree to which these ranges approach 
one another or even overlap. 

This particular consideration of variations was possible only at 
the expense of the number of characters observed. Thus it was 
decided to leave out for the time being all observations appertaining 
to the skull. The skulls of apes and man have been investigated in 
far greater detail than have the other skeletal parts, and papers dealing 
with cranial features are much more numerous than those treating of 
the bones in the trunk and limbs. The classification of primates is 
to a very large extent based upon teeth and skulls, whereas the skeleton 
of trunk and limbs has been used comparatively little for taxonomic 
purposes. There exists no good reason for this arbitrary neglect of 
one group of structures in favor of some other structures, except 
perhaps the fact that skulls are being collected with much greater 
frequency than are entire skeletons. It will be shown in this paper 
that the bones of the trunk and limbs can be of special taxonomic 
value in cases in which the skulls of two species or genera were not 
significantly different. For instance, the elaborate recent revision of 
the genus Gorilla by Coolidge (1929) led to the conclusion that the 
mountain gorilla represents merely a subspecies. This view, however, 
is based exclusively upon the examination of adult male skulls. Ina 
former paper (1927) on growth and body proportions the writer dis- 
cussed a number of differences between the mountain gorilla and the 
West-African gorillas. The present study of skeletal structures adds 
several new and significant differences, strengthening the conviction 
that the mountain gorilla fully deserves the rank of a species. For 
similar reasons the author can not agree with the recent conclusion of 
Kloss (1929) that the siamang is merely the largest species of the genus 
Hylobates, even though the skull of siamang is little different’from that 
of the true gibbon species. As will be shown later, the pelvis, sternum, 
limb bones, etc., of siamang differ from those of gibbons much more 
than these structures differ between any two species of Hylobates. 
Any valid classification must rest upon the examination of many 
different structures, particularly in cases in which the skulls alone 
showed only similarities. 

The reliability and value of any discussion of variations increase 
in proportion to the number of specimens considered. For this reason 
it is but natural that published reports on other primate material 
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should be included in the statistics of this study, so that all available 
and comparable data will be collected in one paper. This search of 
the literature, which is not claimed to be absolutely complete, proved 
to be a difficult task for three reasons. First of all, many authors 
failed to give adequate definitions of the particular features observed 
or omitted to state the exact methods of their measuring. For 
instance, some writers mentioned that in their opinion a last lumbar 
vertebra, touching with its broadened transverse processes the ilia, 
might be regarded as a sacral vertebra; but it is not evident whether 
or not they followed this suggestion in the actual count of vertebrae. 
Other authors recorded the “length of the femur,” sometimes even 
in tenths of millimeters, but forgot to give the very essential informa- 
tion whether the measurement was taken from the great trochanter 
or from the head of the femur. Unfortunately, all such reports are 
practically useless for comparative purposes. In the second place, the 
older literature, in particular, contains a great many papers on primates 
with antiquated or even impossible names of species, and not infre- 
quently one gathers a well-founded suspicion that a particular animal 
was wrongly identified even in regard to its genus. In some instances 
it is possible to translate the old name into modern nomenclature or 
to correct an erroneous identification in cases in which the animal had 
been accurately described or pictured in an accompanying illustration, 
but in many other cases this proves to be a hopeless undertaking. For 
instance, the recent monograph by Boltze (1926) on the gibbon skele- 
ton gives even in the title the species as “ Hylobates syndactilus”’ 
(which should have read: Symphalangus syndactylus), but a careful 
study of this detailed paper proves beyond any doubt that Boltze’s 
species determination was wrong and that he never had any siamangs. 
Finally, the third reason for disregarding a considerable number of 
reports lies in the fact that frequently it is uncertain whether an author 
obtained his information from his own observations or merely from 
some other paper. Even if it were his own observation one could not 
always decide whether or not it were based upon a specimen previously 
used for the same purpose by some other author, so that one would be 
apt to include repeatedly in variation statistics one and the same 
specimen under the names of different authors. Some papers con- 
tained sufficient circumstantial evidence for the safe distinguishing 
between the author’s new data and those taken over from previous 
papers. This failure to give in detail the source of all the specimens 
examined is particularly regrettable in the case of the famous paper 
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by Keith (1903) on the numerical variations in vertebrae of higher 
primates. The data of this study are more extensive than those of 
any other single paper published up to the present time. They would 
have formed a most welcome basis to which to add the writer’s own 
observations. However, Keith merely states that his data are from 
three sources: “‘(1) from publications by many authors; (2) from per- 
sonal dissections; (3) from the material in the museums of London.” 
That it is impossible to calculate the number of his own and original 
data, not derived from previous literature, is shown by the following 
example: Keith tabulates the numbers of presacral vertebrae in a total 
of 27 gorillas, but the writer collected the corresponding data for 50 
gorillas alone from the literature prior to 1903. 

The laborious task of a critical survey of the literature has deter- 
mined the author to record in detail all the data which he has sifted 
from the mass of published reports. Similarly, it seems absolutely 
necessary to report the author’s new data together with all information 
in regard to the collection, catalogue number, sex and age of the 
specimens studied. Only in this way will future research workers 
be enabled to add directly their new observations to the present 
tabulations or to use the individual records of this paper for new 
interpretations. 

The main purpose of the varied collection of facts, embodied in this 
study, is to contribute new evidence for the reconstruction of the 
primate family tree and, particularly, of the exact place thereon of the 
human branch. The most recent publications by Keith (1927), 
Gregory (1928), Miller (1929), Osborn (1927, 1930), Wood Jones 
(1929), and others demonstrate strikingly that man can not yet be 
assigned a definite place among primates without its being challenged 
by some differing claims deserving thorough consideration. This is 
not the place in which to review the data produced in support of the 
many conflicting conclusions in regard to man’s relationship to other 
primates. Anyone who has worked on this task will admit that so 
far only a few of the many possible attacks on this fascinating problem 
have been carried out in an exhaustive manner. The kind of availabie 
evidence, therefore, still varies a great deal in bulk and importance. 
Physiological contributions, for instance, are still insignificant along- 
side of the mass of morphological findings, and the latter are very 
unevenly distributed among the different specialties. 

This study of the skeleton with its special emphasis on variations 
is intended to fill one of the many gaps in our knowledge of a field of 
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science that has been comparatively neglected. Since only the skele- 
ton, and that of recent primates alone, has been investigated, the 
direct results can bear only upon the degrees of resemblance among 
different primates and the relative amounts of their specializations. 
Indirectly, however, the findings will justify some hypothetical 
conclusions in regard to the phylogenetic relationships between man 
and other recent primates. The individual proportions of various 
skeletal parts have been tabulated in detail not only to illustrate the 
tendencies in different recent primates to vary but also in order to 
render them available for future comparative studies on fossil primates. 


MATERIAL 


The observations, discussed in this paper, are based chiefly upon the skeletons 
of higher primates, of which as many specimens as were accessible have been used. 
Only in the case of man—the best-known higher primate—was the investigation 
of most features limited to the material in the author’s laboratory. Wherever 
necessary a few random samples of lower primates were examined in order to 
provide an approximate scale by which to evaluate the differences between the 
higher primates. 

Not all observations could be taken on equally large series of cases. Some of 
the skeletons were not complete, parts having become lost, such as the coccyx, or 
having been shattered by bullets. A surprising number of skeletons collected in 
the field showed unmistakable signs of disease, particularly in joints, or of localized 
injuries, affecting most commonly the long bones of the limbs,' but also at times 
the vertebrae and the pelvis. Some of the measurements on the pelvis and the 
scapula were taken on comparatively few specimens, because the measuring 
technique called for more time and apparatus than were at the disposal of the 
author during his visits to some of the museums. A considerable number of foot 
skeletons could unfortunately not be utilized because they had already been dis- 
articulated and mixed in one bex with the bones of the hands, so that the measure- 
ment of the tarsus length would not be reliable and the identification of some of the 
phalanges could not be absolutely safe. 

The material from the Laboratory of Physical Anthropology of the Johns 
Hopkins University and that in the author’s private collection was used most 
exhaustively and served for the majority of the illustrations. It may here be 
mentioned that the gorilla series of the former collection contains what seems to be 
the largest gorilla skeleton ever described (P. A. L. 8). The length of its humerus, 
e. g., measures 480 mm. (see table XIX), which surpasses the maximum of 478 mm. 
previously recorded by Fick (1926). The sternum without the xyphoid process is 
247 mm. long, the nearest value in another gorilla being only 221 mm. (see table 
XI). In spite of this huge body size, as indicated by most of the skeletal dimen- 
sions, the cranial capacity amounts to only 485 cu. em. Of the eleven West- 


1 Old fractures of limb bones and ribs are particularly common in orang-utans.- 
The surprising capacity for extensive bone repair in anthropoid apes is clearly 
demonstrated by the example of the gorilla skeleton described by Holland (1924). 
All these diseased or injured bones were excluded from the series of measurements. 
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African gorillas in the Laboratory of Physical Anthropology the Nos. 1, 2, and 3 
came from Spanish Guinea and all the others from Cameroon. The young female 
mountain gorilla (P. A. L. 7) of this laboratory was sent to the author immediately 
after its death. The skeleton was still completely articulated and was accom- 
panied by the fresh skin which contained the phalanges. This animal, known as 
“Congo,” had been captured alive in the Kivu mountains by Mr. B. Burbridge. 
The skeleton and skin were most generously donated to the writer by “‘Congo’s”’ 
last owner, Mr. J. Ringling. 

Among the other material, used for this paper, special mention should also be 
made of the splendid collections of more or less complete orang-utan skeletons, 
numbering 31 specimens in the U. 8. National Museum, and 15 specimens in the 
Wistar Institute of Anatomy. A total of 159 different specimens of higher pri- 
mates (without man) and of 61 different lower primates were utilized for the new 
data of this study. They are listed individually in a number of the tables. The 
observations on the relatively few specimens from European collections are from 
notes by the author made many years ago. Some data in regard to the number 
of vertebrae were obtained from mounted skeletons in museum exhibits and some 
few others from X-ray photographs or partial dissections of preserved specimens. 
The entire material belongs with a few isolated exceptions to the museums and 
other institutions listed below in the approximate order of the number and impor- 
tance of the specimens studied at each place. Later tables contain the names 
of these museums etc. merely in the abbreviated form given here in parentheses. 
U. 8. National Museum (Nat. M.) 

American Museum of Natural History (Amer. M.) 

Wistar Institute of Anatomy and Biology (Wist. I.) 

Laboratory of Physical Anthropology, Johns Hopkins University (P. A. L.) 
Collection of A. H. Schultz (Sch.) 

Department of Anatomy, Johns Hopkins University (A. Hopk.) 
Department of Anatomy, Western Reserve University (W. R. U.) 
Philadelphia Academy of Natural Sciences (Ph. Acad.) 
Zoologisches Institut, Universitat Ziirich (Zo. I. Z.) 

Field Museum of Natural History (Field M.) 

Musée d’anatomie comparée, Paris (M. a. c. P.) 

Department of Anatomy, Jefferson Medical College (A. Jeff.) 
Department of Zoology, Columbia University (Zo. Col.) 

Army Medical Museum (Army M.) 

For the generous permission to examine the valuable material in these institu- 
tions the author is particularly indebted to Mr. G. 8S. Miller, Jr., Prof. W. K. 
Gregory, Dr. J. M. Greenman, Dr. W. Stone, and Prof. K. Hescheler. The writer 
is also indebted to his colleague, Dr. W. L. Straus, Jr., who has kindly placed at 
his disposal data appertaining to the length of the limb bones of 6 gorillas and 1 
chimpanzee in the collection of Western Reserve University and of 15 human 
skeletons in the University of Maryland. In addition Dr. Straus has contributed 
more or less complete data on the number of vertebrae in 2 gorillas, 1 chimpanzee 
and 1 gibbon from the former collection and in 66 negroes from both the just 
mentioned universities as well as in part from the Johns Hopkins University. 
These observations had been made by Dr. Straus with the generous permission of 
Prof. T. W. Todd and of Prof. C. L. Davis. 
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All the species names of primates, as used in this paper, are according to Elliot 
(1913). No subspecies are given, since to do this would have split the various 
series into too small groups, and also because many of the proposed subspecies 
appear to the author as extremely doubtful forms which, in the absence of more 
material, are better regarded as individual variations. In the chimpanzee not 
even the species have been named since their identification from the skeleton alone 
is in most cases at best very uncertain. This genus is very much in’ need of a 
revision, since few authorities agree in regard to the number of species it contains, 
and even in regard to the value of the distinguishing characters themselves. 
The same may be said in reference to the genus Hylobates (see e. g. Pocock, 1927, 
and Kloss, 1929), which most likely does not consist of as many really justifiable 
species as are listed by Elliot. The genus Pongo has by a number of authors been 
divided into two species and many subspecies. For the proper evaluation of 
some of the findings discussed in this paper, it is necessary to emphasize here that 
there exists no reasonable justification for the separation between the Bornean and 
the Sumatran orang-utans. Lyon (1911), for instance, who recognizes two species, 
himself says that ‘‘In fact, it is with great difficulty that I have been able to find 
any tangible differences between the orangs of northern Sumatra and those from 
western Borneo.” Elliot (1913), after extensive investigations, reached the 
opinion that there is only one species of this great ape, 7. e., Pongo pygmaeus. The 
same conclusion has recently been published by Brandes (1929) who has had 
exceptional opportunities for studying large numbers of living captive orangs. 
The writer found from his unpublished investigations on the preserved bodies of 
22 orangs that such supposed species characters as size, proportions, and presence 
or absence of cheek callosities and of nails on the great toes vary individually in an 
astonishing degree. The nail of the hallux, for instance, was in two specimens well 
developed on one foot but congenitally missing on the other foot. For these, as 
well as for certain other reasons, the author is thoroughly convinced that no con- 
stant species differences can be demonstrated in the genus Pongo. 


SPINAL COLUMN 


The observations on the spinal column are restricted to the number 
of vertebrae in the various regions. No measurements were taken 
except on the sacral vertebrae. These will be discussed in the chapter 
on the pelvis. A few remarks are necessary concerning the charac- 
terization of the different types of vertebrae. The material examined 
caused no difficulty in regard to the cervical vertebrae since not a single 
case was encountered with a deviation from the normal number of 
seven. Only two instances were found in the literature, in which there 
were eight cervical vertebrae in apes. These are a gorilla described 
by Struthers (1893) and a siamang described by Kohlbriigge (1891). 
An actual reduction in number has never been reported, except for 
man, but a fusion of two or more cervical vertebrae was observed by 
the author in two gorillas, two orangs, and one chimpanzee and has 
been described by Meyer (1915) ina gorilla. It is on account of this 
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pronounced constancy in regard to their number that the cervical 
vertebrae have neither been tabulated nor will be further discussed 
in this paper. 


All vertebrae bearing ribs have been counted as thoracic vertebrae. In the 
relatively few cases in which there is a rib only on one side of the last thoracic 
vertebra, the other side possessing a true transverse process, this vertebra was 
counted as half of one, the other half being added to the lumbar series. In four 
instances the last and very short rib of one side was completely fused with the 
vertebra, giving it the appearance of a transition vertebra, as which, however, it 
was not counted. 

In ape skeletons it is sometimes difficult to distinguish in a consistent manner 
between the last lumbar and the first sacral vertebra, unless one adheres strictly 
to the following definition of the sacrum: Only such vertebrae are sacral ones as 
unite not only with their bodies but also with their lateral masses, so that the 
number of sacral vertebrae always exceeds by one that of the real sacral foramina 
on one side. This leaves no doubt that the writer did not include among sacral 
vertebrae such last lumbar vertebrae which may reach the ilia with their broad- 
ened transverse processes, as e. g. in the Symphalangus shown in figure 12. The 
material studied happened to contain no case of a well defined lumbosacral verte- 
bra, in which a true sacral foramen was formed on one side only, the opposite side 
bearing merely a lumbar transverse process. 

Guided by the above definition of the sacrum one can readily decide where the 
coccygeal vertebrae begin. Quite frequently some of these small bones are fused, 
causing some doubt in regard to their actual number. In seven cases there were 
two separate ossicles side by side at the lower end of the coccyx. These were 
counted as only one vertebra, because in a few other cases the last coccygeal 
vertebra was not completely divided in the mid-line but was merely forked. 

The individual vertebral formulae are listed in the tables I to X at the end of 
this paper. Besides all the cases of gibbons, siamangs and anthropoid apes these 
tables contain the data for four series of lower primates. The latter are merely 
samples for general comparative purposes; they represent the only four different 
genera for which an adequate number of data happened to be available. The 
vertebral formulae of man are the only ones not listed individually, since data for 
man have already been published in so many papers that the new contribution by 
the author, based on a total of only 72 different individuals, is not of sufficient 
interest to warrant a separate enumeration. 


Thoracic Vertebrae 


The number of thoracic vertebrae varies in different primate 
genera as well as in individuals of the same species to a considerable 
extent. Among the Simiae this number ranges from 11 to 15 and 
among the Prosimiae from 12 to 17. The maximum number of 17 
was apparently found but once, namely by Flower (1888) in a Loris 
javanicus. This prosimian genus Loris (‘‘Stenops’’) seems to have 
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the highest average number of thoracic vertebrae since various authors 
(see Ranke, 1897) have reported 14 to 16 vertebrae for different species 
of this genus. Even among prosimians, however, there are already 
several genera containing species with only 12 thoracic vertebrae. 
Platyrrhine monkeys possess 12 to 15 segments in the thoracic region 
of the spine, the number 12 occurring rarely, namely only in two 
specimens of Callithrix (Ranke, 1897) and in two specimens of Cebus 
(Flower, 1862, and Ranke). It is not yet possible to state the typical 


TABLE 1 


Percentage Distribution of Variations and Averages of the Number of Thoracic 
Vertebrae in Primates. The Data for Man Are Calculated from the Figures in 
























































Table 2 
| NUMBER OF THORACIC VERTEBRA 
aatumen | aver- 
ie a as el | Er aoe 
11 |1144) 12 (12%) 13 |13%4) 14 |15 
roe. Packt | 

Cebus. ae Pons 37 5.4 13.5 70 .3|10.8} 13.9 
Ateles. .. 20 10.0 90.0 13.9 
ee eee 24 f 16.7 70.8}12.5) 14.0 
Pithecus................ 50 92.0 8.0) a 
pe ee) 57 15.8 75 4 8.8 12.9 
Symphalang. syndactylus.. 16 12.5 87.6 12.9 
Hylobatidae.......... ol SOL... 1 Bee 78.7 6.6 12.9 
| ee arene 55 12.7) 1.8|74.6| 1.8] 9.1 13.0 
Gorilla gorilla............ 75 5.3 86 .7 8.0 13.0 
Gorilla beringei........... 7 42.9 57.1 12.6 
Ge a Sats ess oa wow 82 8.5 84.2 7.3 13.0 
Pongo pygmaeus......... 79 12 7 6 3 72.1) 1 .3 7.6 ae iH. 
Homo (Negroes).........} 161 | 5.0 91.3} 3.7 12.0 
Homo (Japanese)........| 429 | 0.2) 0.5)96.0| 0.7) 2.6 12.0 
Homo (Whites).......... 766 | 2.1} 0.1)94.0} 0.1] 3.7 12.0 
Homo sapiens............ 1356 | 1.8 0.2/94.4) 0.3 3.3) 12.0 

















number of these vertebrae in most of the lower Simiae, since the series 
of specimens observed are with few exceptions entirely insufficient in 
view of the marked variability of this feature. In the three platyr- 
rhine genera of the family Cebidae, listed in table 1, all had on a rough 
average 14 thoracic vertebrae, but individual reductions in this number 
are more frequent than variations in the opposite direction. Adequate 
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TABLE 2 


The Number of Thoracic Vertebrae in Different Human Races According to Various 
Reports in the Literature and Considering Also the Author’s New Series of 





























Negroes 
NUMBER OF THORACIC VERTEBRAE 
TOTAL 
AUTHOR RACE OF 
c 
ASPs) 1 | 11% | 12 | 12% | 13 
Trotter, 1929............] Negro 97 5 90 2 
he Negro 64 3 57 4 
TOTAL OF NEGROES................. 161 8 147 6 
aseme, BGGe...........: Japanese | 181 2 168 3 8 
Kubo (Hasebe)..........| Japanese} 100 1 96 3 
Nishi, 1928..............| Japanese} 148 148 
TOTAL OF JAPANESE................| 429 1 2 412 3 11 
Fischel, 1906.......... White 524 2 499 23 
Trotter, 1929............| White 92 5 84 3 
Prey, 1030..............] White 150 9 1 137 1 2 
TOTAL OF WHITES..................| 6 16 1 720 1 _ 28 
TOTAL OF ALL RACBES............... 1356 25 3 1279 a 45 























information on this condition in catarrhine monkeys exists only in 
regard to the macaque (genus Pithecus, see table 1). In this repre- 
sentative of the lower Old World primates the thoracic region has 
become reduced to only 12 vertebrae, less than 10 per cent of the cases 
still containing 13 segments. In other catarrhine monkeys 12 and 13 
thoracic vertebrae seem also to be the only numbers to occur according 
to the records of Giebel (1877), Flower (1888), and Ranke (1897). 
Only the first of these authors lists in his tables one single specimen with 
14 thoracic vertebrae. Among the higher primates the Hylobatidae 
and the gorilla and the chimpanzee have on an average 13 thoracic 
vertebrae, whereas the orang and man have only 12. In the gibbon, 
siamang, and chimpanzee, as shown clearly by table 1, 12 thoracic 
vertebrae occur more frequently than 14. In the comparatively few 
specimens with 14 thoracic vertebrae the last pair of ribs is as a rule 
very short, as might be expected from its atavistic nature. In one 
chimpanzee, however, even this fourteenth pair of ribs is still very 
long, the bony portion measuring 96 mm. on one side and 84 mm. on 
the other (Nat. M. 220062). The minimum number of thoracic 





a fF wetlUlUn ee llkeetlC wt UC rMOlUlC MKC KhUlCOCPOC 


an ff tee eelhlUrlUC CUCU CO 


Us 


.E 





The Skeleton of the Trunk and Limbs of Higher Primates 313 


vertebrae of all primates is found in the orang-utan, which has an 
average of only 11.9 and reductions in this number more than twice as 
frequent as increases. The average for man is 12 in all the races 
listed in tables 1 and 2. Minus-variations in the number of thoracic 
vertebrae are more common than plus-variations in the negro but 
rarer in the Japanese and white. 

Keith (1903) gives a table showing the average number of the last 
rib-bearing vertebra in higher primates. Even though his series are 
considerably smaller than those of the writer, his data correspond 
quite closely to those contained in table 1. By deducting the number 
of cervical vertebrae from the averages of Keith his figures can be 
compared directly with those of table 1. Average number of thoracic 
vertebrae according to Keith: 13.0 in 33 gibbons, 13.1in35 chimpanzees, 
13.0 in 29 gorillas, and 12.0 in 31 orang-utans. The averages obtained 
by the writer are lower by 0.1 in all these primates, except the gorilla. 
According to Tredgold (1897) chimpanzees have on an average 13.2 
pair of ribs, whereas gorillas have only 12.9. The existence of such a 
difference is not confirmed by the author’s results, as both apes have 
an average of 13.0 thoracic vertebrae. 

On the basis of the data discussed in this chapter, it seems highly 
probable that at least 14 and 15 thoracic vertebrae represent the 
primitive condition, whereas only 11 form a marked specialization. 
The latter has been found only in man and, much more frequently, 
in the orang-utan. It is interesting to note that the gibbon, the sia- 
mang, and the two large African apes have retained a greater number 
of thoracic vertebrae than have the macaque and other catarrhine 
monkeys. It is not at all inconceivable that the maximum numbers of 
thoracic vertebrae, 16 and 17, may be regarded as the consequence of a 
secondary increase in presacral segments or as the result, of a transfor- 
mation from lumbar vertebrae. 

According to the figures in table 1 there exist marked differences 
between the various primates in regard to the degree of variability 
in the number of thoracic vertebrae. This relative stability is most 
clearly expressed by the maximum of the percentage frequencies of all 
the variations within the same series of primates. For instance, in 
the genus Cebus 14 thoracic vertebrae occur with the highest frequency, 
namely in 70 per cent of the cases; in the genus Afeles, on the other 
hand, this particular variation is present in 90 per cent of the specimens, 
only 10 per cent deviating from this condition. Afeles, therefore, is 
considerably more constant than Cebus in regard to the feature under 
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discussion. Of all the primates studied, man is the most stable form, 
since on an average over 94 per cent of the cases have one and the same 
number of thoracic vertebrae. Negroes show somewhat less constancy 
than Japanese and whites. The macaques and the spider monkeys 
are but little more variable than man. In all the other primates of 
table 1 deviations from the ‘‘type”’ are much more common than in 
man, occurring, for instance, in 28 per cent of all orang-utans in con- 
trast to the 8.7 to 4.0 per cent in human races. 


Lumbar Veriebrae 


The number of lumbar vertebrae varies among all the primates 
between 3 and 9. The higher variations, from 6 to 9, occur in the 
prosimians, whereas the numbers 3 to7 are found in the suborder of the 
Simiae. Eight and even 9 lumbar vertebrae are quite common in 


TABLE 3 


Percentage Distribution of Variations and Averages of the Number of Lumbar Vertebrae 
in Primates. The Data for Man Are Calculated from the Figures in Table 4 
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TABLE 4 


The Number of Lumbar Vertebrae in Different Human Races According to Various 
Reports in the Literature and Considering Also the Author’s New Series of 
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various prosimian genera but have never been found, as far as the 
author could ascertain, in any of the monkeys or apes, even though 
several forms have an average number of 7. There can be no doubt 
that extreme reductions in the number of lumbar vertebrae represent 
high specializations, but it seems doubtful whether the maximum 
number of these vertebrae can be regarded as the original condition 
or, rather, as an opposite specialization in which thoracic segments 
became transformed into lumbar ones. In such casesin which 9 lumbar 
vertebrae combine with 15 thoracic ones, or 8 lumbar with 16 thoracic 
ones, as reported for Loris by v. d. Hoeven, Blaineville, Rosenberg, 
and Ranke (quoted by the last author in 1897), the high number of 
lumbar segments is in all likelihood due to a specialized increase in the 
number of presacral vertebrae. 

Among the Simiae there exists no evidence for an evolutionary 
trend to increase the number of lumbar vertebrae, except in the few 
instances in which a slight increase takes place, clearly at the expense 
of the number of thoracic vertebrae. The opposite tendency, 7. e., to 
reduce the number of lumbar vertebrae, is very evident from the 
figures in table 3. Among the platyrrhines Cebus still possesses 6 
lumbar vertebrae in the majority of the cases, though 38 per cent of the 
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specimens have already a lesser number. In Alouaita the average has 
decreased to 5.1 and in the also closely allied Ateles to as few as 4. 
Among the higher primates 5 lumbar vertebrae form the rule for gib- 
bons and man, whereas in the siamang, orang, chimpanzee, and 
gorilla this average has become reduced in the order stated. Even 
though the series is still far too small to be reliable, it is interesting to 
note that four out of seven mountain gorillas have only 3 lumbar 
vertebrae. Such an extreme shortening of the lumbar region of the 
spine must greatly diminish the flexibility of the trunk, since it brings 
the thorax into close proximity to the pelvis. Indeed, in most gorilla 
skeletons the last pair of ribs lies strikingly close to the iliac crests of 
the pelvis. 

The various groups of primates listed in table 3 differ widely in 
regard to the degree of variability in the number of lumbar vertebrae. 
In Ateles this number is constant in all specimens examined, and in 
Alouatta and in man 92 per cent of the cases have one and the same 
number. In Cebus, Symphalangus, and Gorilla, on the other hand, 
less than 6 out of every 10 specimens possess the same number of 
lumbar vertebrae. Man is more stable than all the other higher 
primates in regard to the number of lumbar vertebrae, as he was found 
to be in regard to the thoracic vertebrae. There can be no doubt that 
the distribution of variations in some of the primate series clearly 
shows the direction of the evolutionary change. In the genus Gorilla, 
é. g., minus-variations occur in 40 per cent of the cases, whereas plus- 
variations occur in only 1 per cent. This demonstrates with practical 
certainty the tendency to reduce the lumbar vertebrae from 4 to 3. 

A comparison between tables 1 and 3 shows that the lumbar 
vertebrae are more variable than the thoracic ones in Cebus, Pithecus, 
Gorilla, and all the human races. The two types of vertebrae are 
equally variable in Hylobatidae and in Pan, and the lumbar ones are 
more constant then the thoracic ones in Alouatta, Ateles, and Pongo. 


Thoracolumbar Vertebrae 


The combined number of thoracic and of lumbar vertebrae varies 
extensively among the primates, namely between 15 and 24. For the 
prosimians the extremes found in the literature are 18 and 24, the 
latter having been recorded more frequently than the former. The 
number of thoracolumbar vertebrae in platyrrhines ranges between 
17 and 22, the maximum being restricted to Aotus (Flower, 1884; 
Ranke, 1897; v. d. Broek, 1908) and the minimum to Ateles (see table 
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5). In catarrhines this range extends from 15 to 19, not a single 
specimen having been recorded with 20 segments, although several 
catarrhine monkeys have an average number of 19 vertebrae. Todd 
(1922) reached the conclusion that in all likelihood the number of 
thoracolumbar vertebrae in the ancestral stem of primates was 19. 
The writer is for various reasons inclined to accept 20 as the original 
and most primitive number of these vertebrae in primates. According 
to Gregory (1910) both these figures are equally common among the 
different mammalian orders. Thus, we have to assume that in many 
prosimian genera, as also in a variety of other mammalian groups, 
there prevails a tendency toward increase in the number of thoraco- 
lumbar vertebrae. Among a few platyrrhines and many catarrhines, 
on the other hand, there exists unquestionably an evolutionary trend 
to reduce the number of these vertebrae, which is equivalent to a 
migration of the sacrum and pelvis in a cephalic direction. The 
extreme reduction among platyrrhines has been reached by Ateles with 
an average number of those vertebrae of only 17.9 in contrast to the 
average of 19.5 in the closely allied genus Cebus. Since both these 
geaera have the same number of thoracic vertebrae, the process of 
reduction affected in this case exclusively the lumbar region (see 
tables 1 and 3). In the family Hylobatidae the thoracolumbar portion 
of the spine has become more reduced in Symphalangus syndactylus 
than in the genus Hylobates. In the former more than 44 per cent of 
the specimens have only 17 of these vertebrae; in the latter this per- 
centage amounts merely to 17.5. Again it is found that the lumbar 
and not the thoracic region of the spine produced this difference in the 
number of segments. Among the highest primates man and orang- 
utan possess the same number of thoracic vertebrae but in the former 
there are still 5 lumbar vertebrae, in the latter only 4. The orang-utan 
has the smallest number of thoracolumbar vertebrae among all 
primates and in 14.5 per cent of the orangs examined there are even 
as few as 15 of these vertebrae, a number never found in man and but 
rarely in the African apes (see table 5). That all of the seven mountain 
gorillas have only 16 thoracolumbar vertebrae, producing a much 
lower average than in the West-African gorilla, is certainly significant 
and renders it particularly desirable that more specimens of the rare 
Gorilla beringei should be investigated. 

Table 5 shows clearly that on an average all three large apes have 
fewer thoracolumbar vertebrae than man. The latter, therefore, is 
in this respect less specialized and more conservative than are the 
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TABLE 5 


Percentage Distribution of Variations and Averages of the Number of Thoracolumbar 
Vertebrae in Primates. The Data for Man Are Calculated from the Figures in 



























































Table 6 
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former. It may be mentioned here that the averages for the anthro- 
poid apes in table 5 are smaller by only 0.1 than the corresponding 
averages obtained by Keith (1903) from less extensive series. 

The differences between various primates in regard to the degree of 
stability of the number of thoracolumbar vertebrae are best seen on the 
diagrams in figure 1. Man and Pithecus have the highest black 
columns on account of the fact that they alone have one and the same 
number of these vertebrae in over 90 out of every 100 individuals. 
Cebus, Symphalangus, and Gorilla are the least stable forms, since in 
these groups less than 60 per cent of the cases adhere to the typical 
condition. This is indeed a striking difference, according to which 
man is infinitely more stable than the other higher primates, a fact 
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THORACOLUMBAR VERTEBRAE 
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Fig. 1. Tue Percentace DistrRiBuTION OF VARIATIONS IN THE NUMBER OF 
THORACOLUMBAR VERTEBRAE IN DIFFERENT PRIMATES, CONSTRUCTED FROM THE 
Data 1n TaBieE 5. In this and the following similar figure the perpendicular, white, 
broken lines represent the position of the average number of vertebrae. The diagram 
for Symphalangus refers to S. syndactylus only and not to S. klossi. 
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TABLE 6 


The Number of Thoracolumbar Vertebrae in Different Human Races According to 
Various Reports in the Literature and Considering Also the Author’s New Series of 
Negroes. From the Latter Were Omitted All Specimens from the Western Reserve 
University, Since These Had Already Been Used in the Report of Willis. Willis’ 
Report Was Condensed for the Purpose of This Table. Bardeen’s Large Series of 
Whites Contained a Few Negroes Who Could Not Have Materially Altered the Fre- 
quency and Distribution of Variations. 





NUMBER OF THORACOLUM- 















































ing BAR VERTEBRAE 
AUTHOR RACE OF Briar «FL 
_— | 6 | 17 | 18 
— oa 
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Adolphi, 1905.................] White | 83 | | 7 4 
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TOTAL OF WHITES................00.000: | 3180 90 | 2934 | 156 
a OW BG8, MAE. . ... . cd cies ca ace ee | 3856 113 | 3546 197 





already shown, though based upon very much less extensive data, by 
Todd (1922). Todd’s (1924) later generalization, to the effect that 
man’s stability appears to be unique among primates, can no longer be 
maintained even in regard to thoracolumbar vertebrae alone, since it 
is now known that at least the macaque is no more variable than man. 

It at first seems that part of the differences in the degrees of 
variability may be accounted for by the fact that some of the groups 
of primates compared represent genera containing several species, and 
others only a single species. The species Gorilla gorilla, however, has 
17 thoracolumbar vertebrae in only 63 per cent of the cases, whereas 
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the genus Pan, containing many species, has the same number in 75 
per cent of the specimens. Similarly, the species Symphalangus 
syndactylus is much more variable than the entire genus Hylobates. An 
analysis of the tables I to X shows furthermore that in most cases the 
distribution of variations is very similar in different species of the same 
genus. Between the different human races there exist some slight 
differences in degree of constancy, namely 1.8 between negroes and 
whites and 1.7 between Japanese and whites. However, the probable 
error of the first difference amounts to + 1.0 and that of the second 
difference to + 1.1, which implies that these differences are not 
significant. 

As readily shown by table 5 and by figure 1, in all the unstable 
higher primates variations amounting to a reduction in thoracolumbar 
vertebrae are much more common than variations in the opposite 
direction. In the gorilla, e. g., the former amount to 40.7 per cent of 
the cases, the latter to only 1.2. In the relatively constant man, on 
the other hand, plus-variations are actually more frequent than minus- 
variations. The difference, however, is almost negligible if compared 
with the differences between these variations in other higher primates. 
This finding supports the claim that in gibbons and anthropoid apes 
the reduction in the number of thoracolumbar vertebrae is still actively 
progressing to-day, whereas in man this evolutionary process has come 
to a standstill. For instance, the distribution of variations in chim- 
panzee, as shown by the diagram for Pan in figure 1, could change to 
that in gorilla by a mere doubling in frequency of the variation of 16 
thoracolumbar vertebrae. This would reduce the average number of 
vertebrae from 16.8, as now in chimpanzee, to 16.6 as already reached 
by the gorilla. It is sufficient to mention in this connection that Frets 
(1909) has shown by means of animal breeding that numerical varia- 
tions of vertebrae are hereditary. 


Sacral Vertebrae 


The number of vertebrae, fusing more or less into one rigid struc- 
ture—the sacrum—varies among the lower primates usually between 
2 and 4,? among the Hylobatidae between 3 and 6, and among the 


? Ranke (1897) lists two specimens of Loris tardigradus with 6 sacral vertebrae. 
These two cases, however, represent exceptions for this particular species as well 
as among all other prosimians (see e. g. the extensive tables by Giebel, 1877; 
Flower, 1888; and by Ranke himself). A few isolated prosimian genera seem to 
have acquired independently the tendency to fuse 4, or even more, vertebrae into 
the sacrum. 
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highest primates between 4 and 7. These figures alone demonstrate 
that with the general advance of primate evolution more and more 
vertebrae tend to solidify into the sacrum. Two as well as 4 sacral 
vertebrae are very rare among the lower primates, whereas 3 and 6 
are rare in gibbons, and 4 and 7 exceptional among the large apes and 
man. As shown by table 7, this progressive sacralization of vertebrae 
has reached a greater extreme in chimpanzee and gorilla than in man. 

The average numbers of sacral vertebrae in higher primates 
obtained by Keith (1903) are below the averages obtained by the 
writer. The following values are from Keith: gibbon, 4.3; orang-utan, 
4.7; gorilla, 5.1; and chimpanzee, 5.2. The greatest difference between 
these averages and the corresponding ones in table 7 exists in the series 
of orang-utans and of gorillas. Of the former Keith had 37 specimens, 


TABLE 7 


Percentage Distribution of Variations and Averages of the Number of Sacral Vertebrae 
in Primates. The Data for Man Are Calculated from the Figures in Table 8 
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TABLE 8 


The Number of Sacral Vertebrae in Different Human Races According to Various 
Reports in the Literature and Considering Also the Author’s New Series of Negroes 
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the author 88; of the latter 24 cases were observed by Keith, 61 by the 
author. Naturally, these differences in size between the series used 
explain, at least in part, the discrepancies in the averages. 

According to the tables 7 and 8 the different human races seem to 
have on an average slightly different numbers of sacral vertebrae. It 
is also noteworthy that the negroes with the lowest average are far 
more constant in this respect than the Japanese with the highest 
average. Six sacral vertebrae occur nearly three times more frequently 
in Japanese than in negroes. It will be interesting to see whether 
future additional observations will place this racial difference on a 
firmer basis. 

The above-mentioned evolutionary trend, according to which more 
and more vertebrae participate in the formation of the sacrum, is 
clearly evident even within single groups of primates. In the Hylobati- 
dae, e. g., the number of sacral vertebrae occurring with greatest 
frequency is four and, therefore, represents the typical condition, but 
5 and 6 vertebrae are already present in 40.3 per cent of the cases, 
whereas variations of 3 vertebrae have been observed in only 1.4 per 
cent of all gibbons.* Similarly, among nearly a thousand human sacra 


3 Wood Jones (1929) states that Hylobatidae have three sacral vertebrae, but 
does not mention how many of these rare cases he has seen. 
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SACRAL VERTEBRAE 
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minus-variations amount to less than 1 per cent but plus-variations 
to 21.5 percent. In Gorilla gorilla the combined progressive variations 
have become as frequent as the cases with 5 sacral vertebrae, whereas 
the retarded variations of only 4 vertebrae have disappeared altogether. 

Figure 2 shows at a glance the remarkable constancy of the number 
of sacral vertebrae in the lower primates, which contrasts sharply with 
the lack of stability in this feature among the higher primates. Among 
the latter man is the least variable form, just as he was found to be 
more stable than gibbons and large apes in regard to all the other types 
of vertebrae discussed in previous chapters. In comparing table 7 
with table 5 it is found that the number of sacral vertebrae is much 
more constant than that of the thoracolumbar ones in the lower 
primates, but a great deal more variable in all the higher primates, 
including man. 

Certain dimensions and proportions of the primate sacrum will be 
discussed in the chapter on the pelvis. 


Coccygeal Vertebrae 


The maximum number of caudal vertebrae in primates is 34 (in a 
specimen of Ateles according to Giebel, 1877), the minimum is 1, and 
has been found repeatedly in gibbons, siamangs, and orang-utans 
(see table 9). This represents a tremendous total range of variations. 
Among the higher primates, which all lack an outer tail, the coccygeal 
vertebrae vary only between 1 and 6, the maximum occurring much 
more rarely than the minimum. It is interesting to find that the 
evolutionary reduction in the number of tail vertebrae has progressed 
least among all higher primates in man (average 4.2) and most in 
Hylobates (average 2.6). It might be assumed that this difference 
could be explained by the fact that the pelvis and sacrum have migrated 
farther in a cephalic direction in man (24 presacral vertebrae) than in 
the gibbons (25 presacral vertebrae), thus having liberated in the 
former the last sacral vertebra which might have degenerated into an 
additional coccygeal vertebra. Such a hypothesis, however, can 
hardly be maintained in view of the fact that the number of precaudal 
vertebrae is the same in gibbon and man and that the total number of 
all vertebrae in the former is less than in the latter (see table 11). In 
the author’s opinion the data in table 9 prove decisively that the 
coccygeal region of man has remained less specialized than that of the 
large apes and gibbons. In this connection it might be recalled, that 
in regard to the number of sacral vertebrae man was found to be less 
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advanced than the two African apes and in regard to the thoracolumbar 
vertebrae more primitive than all the anthropoids. 


TABLE 9 
Percentage Distribution of Variations and Averages of the Number of Coccygeal 


Vertebrae in Primates. 


The Data for Man Are Calculated from the Figures in 
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The Number of Coccygeal Vertebrae in Man According to Various Reports in the 
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Le Double, 1912...... |p. 360 & p. 362 242 
Paterson, 1896........| 100 
Hasebe, 1913......... | Japanese 95 

Schultz..............] Negroes 19 | 
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The average numbers of coccygeal vertebrae obtained by Keith 
(1903) are higher than those of the author: namely, 3.7 for gibbon and 
chimpanzee, 3.3 for gorilla, and 3.1 for orang-utan. Since all the 
averages for sacral vertebrae are lower in the table of Keith than in 
that of the author it seems that Keith may have inclined to interpret 
last sacral vertebrae as first coccygeal ones. 

The coccygeal vertebrae tend to vary individually very much more 
than any of the other vertebrae; but, like all the other vertebrae, they 
are more constant in man than in gibbons and anthropoid apes. In 
the Hylobatidae the highest percentage frequency of any particular 
variation is only 33, in the chimpanzee only 36, but in man it amounts 
to 61. 

This enormous variability in the number of coccygeal vertebrae is 
most likely connected with the fact that ontogenetically this number 
is not constant. The human embryo, e. g., possesses anywhere from 
7 to 9 vertebral rudiments in the tail (Kunitomo, 1918); of these a 
varying but always considerable number disappears in the course of 
fetal growth. In this respect the coccygeal portion of the spine 
behaves differently from the other regions, since not all of the variations 
in the former have to be congenital as some may be of a develop- 
mental nature. 


The Number of Vertebrae in General 


According to table 11 man has the greatest total number of verte- 
brae among the higher primates, whereas in orang-utan this number 
has become most reduced. This agrees completely with the findings 
of Keith (1903). For gibbon, chimpanzee, and gorilla, however, this 
author obtained on an average one more vertebra than did the writer, 
but in spite of this these apes fall between the above-mentioned 
extremes. 

It will be noted that the averages in table 11 for the genus Hylobates 
and for the species Symphalangus syndactylus are below the average 
for the entire family Hylobatidae. The reason for this discrepancy lies 
in the fact that the last average includes also the two specimens of 
Symphalangus klossi (see table VI), which had 35 vertebrae each. 
Such a high total was found only in two of the gibbons and in none of 
the large siamangs. For this reason and particularly for certain 
others, to be discussed in later chapters, the author inclines to the 
view that Symphalangus klossi may not properly belong to the same 
genus as S. syndactylus. 
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The variability of the total number of vertebrae is very great in the 
higher primates. As in the previous chapters, man is again found to 
be less variable than the gibbons and large apes. The highest percent- 
age frequency of any particular variation amounts to only 29.4 in 
Gorilla, to 35.2 in the Hylobatidae, to 44.1 in Pan, and to 50.0 in Pongo, 
whereas it rises to 72.2 — 85.5 in man. 


TABLE 11 


Percentage Distribution of Variations and Averages of the Number of Vertebrae in 
the Entire Spinal Column of Primates 


























Sanat | TOTAL NUMBER OF VERTEBRAE 
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Homo (Paterson)....... | 36 5 .5|72.2/20.0) 2.7 33.3 

Homo (Bardeen)...... 104 §.8/85.5| 8.5 33.0 

teed 

SR cy « wee | 34 8 .8)44. 1/26 .5}17.7 2.9) 32.6 

Gorilla gorilla ...... 30 3.3/30 .0/20 .0/33.3) 6.7| 6.7 32.3 

Gorilla beringet . 4 25 .0|75 .0 ey 

Gorilla......... 34 2.9)29 .4|26.5)29.4) 5.9) 5.9 | &.3 

a ir ce | 46 6.5|$7.0|28.3/15.2| 8.7/ 4.3; | 31.9 

Sym phalang. syndactylus.. 9 11.1/83.3)44.5)11.1 | 31.6 

EERE TEU 57 7 .O\35 .2\29 .8|14.0) 7.0) 7.0 | 32.0 
oe = i = b 

Pongo pygmaeus......... | 58 | 6.9/24.1/50.0)17.2) 1.8 30.8 





























Since each region of the spine varies in regard to the number of its 
vertebrae, it is of interest to learn the degree of constancy in the 
combination of such variations. For instance, man has as a rule 12 
thoracic, 5 lumbar, and 5 sacral vertebrae. This represents the most 
frequent combination of regional variations, 7. e., it is the statistical 
norm for the human precaudal spine. According to table 12 this norm 
is present in less than 3 out of every 4 individuals, namely on an 
average in only 71.2 per cent of the cases. Only one of the various 
primates examined is more constant in this respect than man; this is 
the macaque in which the statistical norm is found in 84 per cent of the 
specimens. In the remaining groups of primates these percentage 
frequencies are very low, ranging from 46.0 to only 29.3 in the gorilla. 
In view of the fact that, for instance, less than one out of every three 
gorilla spines shows the same combination of variations in only three 
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TABLE 12 
Percentage Frequency of Statistical Norm of Precaudal Vertebrae in Primates 
TOTAL STATISTICAL NORM: PERCENTAGE 
PRIMATE OF OF CASES 
CASES |Thoracic | Lumbar| Sacral | WITH NORM 
eee Pere ee oe 37 14 6 3 40.6 
ET RR 28 e 50 12 7 3 84.0 
0 eee 13 5 4 41.1 
Pongo pygmaeus.............. | 7 12 aT 5 46.0 
WN Us. a y. dose do Ge Sa 40 13 4 5 35.0 
tir onan ens ake e< 58 13 4 5 29.3 
Homo (Rosenberg, 1912)......| 100 12 5 5 68.0 
Homo (Trotter, 1929)......... 189 12 5 5 73.5 
Homo (Frey, 1929)...........| 150 12 5 5 68.5 
Homo (Schultz)..............| 54 12 5 5 75.9 
Homo sapiens (Total)......... 493 12 5 5 71.2 




















of the spinal regions, this ‘‘norm” is merely a mathematical one. The 
biological norm of gorilla is really represented by several different 
combinations of variations which have not yet reached a compromise 
in a single new type. 

From these discussions of the number of vertebrae in the different 
spinal regions of primates the following general conclusions can be 
drawn. In several respects the human spine has remained less 
specialized and more original than that of the anthropoid apes. The 
latter as well as the gibbons are very much more variable than man, 
but man is equally or more variable than some of the lower primates. 
In all the higher primates the numbers of the sacral and especially of 
the coccygeal vertebrae are less stable than those of the thoracic and 
the lumbar vertebrae. It can be stated, therefore, that each structure, 
or group of structures, of each type of primate has its own character- 
istic tendency to vary. For this reason one must bear in mind that 
any comparison between different animals in regard to their variability 
must always be limited to definite features. For instance, in regard to 
the number of thoracolumbar vertebrae Alouatta was found to be much 
more variable than Ateles (table 5) but, as shown in a former paper by 
the author (1926), all the cranial features are more variable in the 
latter than in the former. 

STERNUM 


All the prosimians, platyrrhines, and lower catarrhines possess long 
and slender sterna, whereas all the higher primates have relatively 
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short and broad sterna, corresponding to the shape of their thorax. 
The degree of broadening in the sterna of the latter varies very con- 
siderably, as shown by the examples in the figures 3 and 4. The 
sternum of chimpanzees is not much broader than that of lower 
primates but, in contrast to the latter, in the former there exists 
a pronounced tendency toward fusion between several or, more rarely, 
all segments of the corpus sterni. In all the lower primates the inter- 
costal portions of the sternum remain as a rule separate. In the 
orang-utan and gorilla this is true also in the majority of cases, except 
that the separation between the most caudal segments tends to become 
obliterated (see, e. g., fusion between fourth and fifth sternal segments 
in No. 7, fig. 3, and in Nos. 17, 18, 19, and 21, fig. 4). In adult man, 
on the other hand, the corpus sterni is with very rare exceptions one 


H. agilis 























Sch. 907. Zo.1.Z.430 Zo0.1.Z. 136 

Fic. 5. SKETCHES OF THE STERNA OF Four Futty Aputt Hytosates. In the 

sternum on the left the manubrium is entirely separate from the corpus; the three other 

variations show different degrees of fusion between the manubrium and the uppermost 
segment of the corpus. 


20.1.2. 48. 


single piece, and in old age it may occasionally even fuse with the manu- 
brium (see No. 28, fig. 4). In gibbons the most cephalic segment of 
the corpus sterni is frequently found to be fused with the manubrium 
(Nos. 5 & 6, fig. 3, and the two sterna on the right of fig. 5). The 
examples in figure 5 show widely differing variations in regard to the 
presence or absence of the border between manubrium and corpus in 
adult gibbons. The same fusion between the manubrium and the 
first segment of the corpus can occur in chimpanzees and gorillas (see, 
e. g., No 11, fig. 3, and Nos. 15, 16, and 21, fig. 4), but has never been 
observed in orang-utan and in man. These differences between the 
various primates in regard to the bony union between the sternal 
segments are not yet present in younger animals. In man, e. g., the 
different portions of the body of the sternum do not become united 
until after puberty; before that age all the sternal segments are still 
separate as in young as well as adults of lower primates. It can be 
stated, therefore, that the primitive condition of 5 or 6 separate sternal 
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bones (not considering the xyphoid process) is found in all infantile 
primates. This number is retained throughout life by the prosimians 
and monkeys, but it is reduced in the course of growth in the higher 
primates. Among the latter this reduction is least pronounced in 
orang-utan and gorilla and has gone to the greatest extreme in man, 
who possesses only two sternal portions in aduit life. 

Indications of a midsagittal separation of the sternum are occasion- 
ally seen in man in the form of sternal foramina (e. g., No. 22, fig. 4). 
Such a lack of ontogenetic fusion in the midline was never observed in 
any of the gorillas and chimpanzees studied by the author, but was 
quite common in orang-utan (e. g., Nos. 8 & 9, fig. 3). In all these 
cases the midsagittal foramina or clefts were present in the corpus 
sternt only. A midsagittal separation of the manubrium was found in 
the single instance of the gibbon shown in No. 6, figure 3. 

The sternum of a fully grown gibbon of an undetermined species 
from French Indo-China (No. 4, fig. 3) is particularly noteworthy 
since it differs rather markedly from all the other gibbon sterna. It is 
quite similar to the sternum of lower catarrhines, inasmuch as it is not 
only rather slender but also has retained all its separate segments, and 
there are still 8 pairs of sternal ribs attached to it, instead of only 7, as 
in the great majority of gibbons. It is interesting that these primitive 
conditions can persist in an individual of a genus characterized by 
broad sterna with many of the segments fused. 

The maximum length of the sternum (without xyphoid process) in 
adult males of the four largest primates amounts to 137 mm. in orang- 
utans, 157 mm. in chimpanzees, 196 mm. in man,‘ and 221 mm. in 
gorillas (see table XI). In percentage of the anterior trunk height 
this sternum length varies in man according to Frey (1918) between 25 
and 50. As shown by the data in table 13, this proportion amounts to 
31 in a female chimpanzee, 7. e., to as much as in human females 
(average 30). In gorillas the individual variations range from 24.6 
to 38.3, both extreme cases being males. The average for gorilla is 
31.4 and, therefore, somewhat below the average for human males. 
The gibbon has the proportionately shortest sternum of all the primates 
in table 13. 


‘ This maximum for man was obtained on the sternum of an adult male Ameri- 
can negro, shown in No. 22, figure 4. The total length of this sternum, including 
the xyphoid process, measures 238 mm. and lies above the human range of varia- 
tions in this dimension, as given by Martin (1928), who records as maximum 
230 mm. 
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TABLE 13 


The Lengthof the Sternum (without Xyphoid Process) in Per Cent of the Anterior 
Trunk Height (Suprasternal Notch to Upper End of Symphysis Pubis) in Some 
Primates. In the Gibbon the Trunk Height Was Measured on the Outer Body, in the 
Chimpanzee and in the Gorillas on the Ligamentous Skeletons before Their Macera- 
tion. The Minimum and Maximum Values for Man Are Given in Parentheses 





| 


| 
TRUNK |STERNUM|STERNUM LENGTH 








eee HEIGHT LENGTH | TRUNK HEIGHT x M8 
Hylobates lar 3 ad. Sch. 907........ 254 57 | 22.4 
Pan. spec.? 9 ad. P. A. L. 9...... 384 119 | 31.0 
Gorilla gorilla f# juv. P. A. L. 10... 512 126 | 24.6 
Gorilla bering. 9 juv. P. A. L. 7. 523 141 | 27.0 
Gorilla gorilla f ad. P. A. L. 11 .. 539 {| 162 | 30.1 
Gorilla gorilla f ad. P. A. L. 13... 559 214 | 38.3 
Gorilla gorilla @ ad. P. A. L. 12... 570 | 212 | 37.2 
Homo (Whites) @ (Frey, 1918)............... Pe oal 35 (27-50) 
Homo (Whites) 9 (Frey, 1018)...................... 30 (25-45) 





By measuring the midsagittal length and the greatest breadth of 
the manubrium and of the corpus sterni data were obtained for calcula- 
ting the following three proportions: Length of manubrium in percent- 


0 











8 


— 
s 
oo 
z 
s 
4 
.~ 





& 





Fie. 6. DIAGRAMMATIC REPRESENTATION OF THE AVERAGE PROPORTIONS OF THE 
STERNA OF PRIMATES CONSTRUCTED FROM THE DATA IN TABLE 14. All reduced to the 
same length of the manubrium. 


age of length of corpus; breadth of manubruim in percentage of length of 
manubrium; breadth of corpus in percentage of length of corpus. The 
individual values of these three indices are listed in table XI and the 
averages in table 14. The differences between these averages are 
illustrated diagrammatically in figure 6. 

The length of the manubrium in relation to the length of the corpus 
varies among lower primates between 27 and 38, but among the higher 
ones between 43 and 82 (averages). This demonstrates that in the 
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TABLE 14 


Average Proportions of the Sternum in Primates. The Detailed Data, from Which 
These Averages Have Been Calculated, Are Listed in Table XI 























SPECI-| MANUBR. L. | MANUBR. BR. | CORPUS BR. 
PRIMATE 

MENS CORPUS L. MANUBR. L. CORPUS L. 
i. 2. Seth Crctacevcded met 1 38.4 86.3 14.4 
5 «0c ets Upaseea toes 1 29.8 94.2 15.8 
PNG, scinia kh  oa allocs and ee te 1 26.9 164.2 17.3 
NE oe Re ce tie sh in ee 1 36.7 104.5 13.3 
pO eas we 36.4 105.0 14.5 
Hylobates (several species)... . | 12 51.9 | 154.4 38 .7 
Symphalangus klossi.......... | 2 60.1 | 149.6 44.1 
Symphalangus syndactylus..... | 3 | 82.4 135.3 53.2 
Pongo pygmaeus.............. |; 34 | 56.2 | 136.4 57.5 
Pan (several species)..........| 5 | 42.7 148.7 21.4 
Gorilla gor. & beringei.........| 18 | 61.6 129.5 44.8 
Homo (several races).......... 7 46.2 | 125.7 38.2 








former the corpus is relatively much longer than in the latter. Among 
the higher primates the chimpanzee is in this respect least removed 
(average 43) from the primitive condition, as found in monkeys; man 
ranks a close second with an average index of 46, and the siamang 
represents the most specialized type, its index averaging 82. This 
extreme shortening of the corpus sterni in Symphalangus syndactylus is 
clearly shown in figure 6. It is a well-known fact that in this propor- 
tion there exists a marked secondary sex difference in man, according 
to which women have a relatively shorter corpus than men. Krause 
(1897), e. g., obtained an average of 46.2 in males and one of 54.3 in 
females. As stated by Martin (1928) the same sex difference has been 
found in primitive human races. In the adult orang-utans measured 
by the author this index averages 55.5 in 10 males and 58.1 in 17 
females. These figures indicate the existence in an ape of the same sex 
difference which was found in man. 

The second index of table 14 expresses the relative breadth of the 
manubrium. In general this breadth is greater in apes and man than 
in the lower primates, but Ateles forms a rare exception among the 
latter, having an unusually broad manubrium. Man possesses 
the lowest average index among all higher primates, the gibbon forming 
the opposite extreme (see also fig. 6). 
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The relative breadth of the corpus sterni varies in the lemurs and 
monkeys of table 14 between 13 and 17, but in the higher primates 
between 21 and 57. Generic differences in this index are much more 
pronounced than in that expressing the shape of the manubrium. The 
exceptionally broad corpus of the orang-utan is seen at once in figure 6. 
In this ape the index ranges individually up to 79.6, which means that 
the breadth of the corpus can be as much as four fifths of the length. 

The average values for the different Hylobatidae in table 14 prove 
that in regard to all three proportions the genus Hylobates forms one 
extreme and the species Symphalangus syndactylus the opposite 
extreme, while the species S. klossi shows values which are closer to the 
former than to the latter. In regard to the sternum, therefore, S. 
klossi resembles the gibbons much more closely than the large siamang. 
It may here he recalled that a very similar conclusion was reached in a 
previous chapter in regard to the vertebrae. 

The variability of these sternal indices is very great, but the index 
dealing with the manubrium alone is somewhat more stable than the 
other two which refer to the corpus. This is in agreement with the 
experience gained from human skeletons in which the sternum, and 
especially the corpus, is considered one of the most variable parts. 
The high variability of the proportions of the sternum in apes is best 
examplified by the conditions in orang-utans, of which the largest 
series was available. In this ape the length-breadth index of the 
manubrium ranges from 105 to 187 and the relative range of variations 
(maximum minus minimum in per cent of average) amounts to 60.1. 
The relative range of the length - breadth index of the corpus is 69.6, 
and that for the corpus length- manubrium length index even 94.3. 


CLAVICLE 


Of the four largest primates the chimpanzee has on an average the 
shortest clavicle and the gorilla (G. beringez) the longest (see table 15). 
In individual cases, however, the orang-utan can considerably surpass 
the gorilla in this respect. The maximum of the latter is 190 mm., 
but in four out of 14 adult male orang-utans, measured by the author, 
the clavicle was longer, reaching in one case (Nat. M. 145301) 213 mm., 
which may represent the highest clavicular length of all primates. 

As shown by the examples in figure 7, the clavicles of the gibbon 
and of the siamang differ in their curvature from those of all the other 
higher primates. In adult orang-utans the clavicles are with few 
exceptions practically straight, whereas in the chimpanzees a pro- 
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TABLE 15 


The Absolute Length (in Mm.) and Two Indices of the Clavicle in Primates. The 
First of the Indices Gives the Middle Circumference of the Clavicle in Percentage of 
the Length of the Clavicle, the Second Index Expresses the Length of the Clavicle in 
Percentage of the Length of the Humerus. The Individual Values for Gorillas Are 
Listed in Table XII, Those for the Other Higher Primates Are Not Listed Separately. 


























CIRCUM- 
LENGTH OF | FER. OF | CLAVICLEL. 
PRIMATE SPECIMENS CLAVICLE CLAVICLE | aus, 
CLAVICLE L. 

Gili? sect 1 18 17.8 44.5 
Lemur mongoz............| 1 32 33.1 43.1 
Cebus capucinus.......... 1 37 24.2 36.5 
Alouatta seniculus......... 1 84 20.2 47.7 
Ateles geoffroyi........... 1 57 31.6 29.1 
Pithecus rhesus........... 1 56 32.1 39.2 
Colobus angolensis......... 1 61 als 37.4 
Pygathriz potenziani....... | 1 48 ge 36.9 
Hylobatidae (average)... .. | 8 (ad.) 85.6 21.8 39.0 
Pongo pygmaeus (average).| 43 (36 ad.) | 159.0 23.2 48.1 
Pan spec.? (average)......| 11 (9 ad.) se OS 25.6 42.7 
Gorilla gorilla (average). ...| 15 (juv. & ad.) | 151.1 28.0 37.1 
Gorilla beringei (average). | 6 (juv. & ad.) 163.8 25.1 43.3 
Homo (White) (average).. 7 6 (ad.) 147.3 26.6 47.7 





nounced S-shaped curve is present in the majority of the cases. The 
latter type of clavicle occurs occasionally in young orang-utans (No. 3, 
fig. 7) and is fairly common in man, but in these it is rarely as marked 
as in chimpanzees. In most gorillas the clavicle is nearly straight, 
except for the acromial end, which is bent in varying degrees. The 
series of gorilla clavicles in figure 7 has been arranged according to the 
increasing degree of bending in the acromial end, which reaches its 
extreme in No. 16. The facies articularis acromialis is directed nearly 
parallel to, or at a sharp angle with, the longitudinal axis of the clavicle 
in the majority of gorillas (see, e. g., Nos. 9 & 16), but stands nearly 
perpendicular to this axis in many human beings (see, e. g., Nos. 18 
& 19). 

The relative thickness of the clavicle, as expressed by the percentage 
relation between the circumference in the middle of the bone and its 
length, varies in the few lower primates in table 15 between 18 and 33. 
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Among higher primates this proportion varies less, namely between 21 
and 32. According to the average values the gibbons and orang-utan 
have a more slender clavicle than the chimpanzee, man, and gorilla. 
The last column of table 15 shows the relation in length between the 
clavicle and the humerus. This proportion, which was introduced by 
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Broca, is comparatively constant within the same race or species. In 
this, as in the last index, there exists no clear difference between the 
lower and the higher primates. Among the former Afeles, which so 
frequently represents an extreme, has by far the lowest index, undoubt- 
edly on account of the great lengthening of its humerus. The same 
reason explains the low index in the Hylobatidae among the higher 
primates. In the orang-utan, however, the index is high in spite of the 
very long humerus, so that it may be concluded that in this ape the 
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clavicle has become unusually lengthened. This observation can be 
directly correlated with the fact that in no other primate are the 
shoulders situated so high above the suprasternal notch as in the 
orang-utan. For this reason the clavicles of orang-utan are not 
directed horizontally as in man, but they diverge upward at a steep 
angle. Under these conditions it is evident that the extraordinary 
length of the clavicle in orang-utan does not indicate an unusual 
breadth between the shoulders, but is due rather to the unusually high 
position of the shoulders. 

The difference of 6.2 between the average values of the claviculo- 
humeral index in Gorilla gorilla and G. beringez is significant because 
in the former the individual values range from 32.7 to 39.0 and in the 
latter from 42.0 to 44.1 (see table XII). Even in infantile stages 
the two gorilla species differ in this respect. In the mountain gorilla 
the clavicle averages in length 164 mm., in the lowland gorilla only 151 
mm. (table 15). The length of the humerus, on the other hand, aver- 
ages 389 mm. in the former and 404 mm. in the latter (table 21). It is 
seen that Gorilla beringet has not only a longer clavicle but also a 
shorter humerus than Gorilla gorilla. The individual variations in 
the proportion between the lengths of these bones do not overlap 
in the two species. For this reason the index under discussion has a 
taxonomic value in the study of gorillas, provided additional specimens 
confirm this finding, which could be based upon only a limited series of 
Gorilla beringet. 

It should be mentioned that all the measurements, discussed in 
this chapter, were taken on the left side, except in a few cases in which 
the left clavicles were missing or broken. The asymmetries in the 
length of the clavicle are recorded in a later chapter. 


SCAPULA 


To express the complicated and very variable shape of the primate 
scapula by means of measurements requires a carefully selected and 
accurate technique. The following measurements, adopted by the 
author, are illustrated in drawing No. 28 in figure 9. 


Direct measurements: 

Morphological length = from center of glenoid cavity (A) to a point on the 
vertebral margin, lying in the middle of the medial end of the scapular spine (B). 

Spine length = from the last-mentioned point (B) to the most distant point on 
the acromion (F). 

Acromion breadth = greatest width of acromion (L-K) perpendicular to the 
longitudinal axis of the acromial process. 
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In a careful study Frey (1923) has given excellent reasons for abandoning the 
old method of measuring the breadth of the scapula (direct, between superior and 
inferior angles) and for substituting the projective breadths of the supraspinous 
and infraspinous fossae (perpendicular to the morphological length). In regard 
to these breadth measurements the author has followed the method of Frey with a 
slight modification in technique which introduces greater accuracy. This modifi- 
cation consists chiefly in the use of the three-legged divider, an instrument 
described in a former paper by the author (1929). The ends of the three legs of 
this divider are placed at the three points A, B, and D of a scapula (sée fig. 9, No. 
28). The instrument is then transferred to a piece of paper in which the sharp 
points puncture three small holes, which stand in exactly the same relation to 
each other as the three points on the scapula itself. This process is repeated for 
the points A, B, and C as wellas for A, B, and E. By placing the divider on the 
paper in such a way that the points A and B coincide every time, one obtains the 
exact position of all the scapular measuring points in one figure. The various 
points are connected by straight lines in the fashion shown in figure 9, No. 28. 
It is now possible to measure on paper the following: 


Breadth of fossa supraspinata (D - H) 
Breadth of fossa infraspinata (C -G) 
Axillo-spinal angle (C - J - B) 
TABLE 16 
Averages of the Morphological Length, Some Proportions, and the Avillo-spinal Angle 
of the Scapula of the Primates Listed in Table XIII 
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Alouatta 1 60 77.9 45.3 88.3 | 40.0 | 123.2 | 12.1 | 38.0 
Ateles . 1 55 87.3 50.0 76.4 | 38.2 | 123.5 | 10.3 | 26.0 
Pithecus . . 1 74 105.6 45.8 64.9 | 29.7 | 118.8 | 13.6 | 28.0 
Papio. 1 117 142.7 32.3 53.0 Pam 113.7 9.8 | 30.0 
Pygathriz 1 47 81.1 23.4 100.0 23.4 | 119.0 | 10.7 | 36.0 
Hylobates (several spec.)..... 10 | 62 128.4 | 79.2 44.3 | 34.5 | 125.8 | 13.9 | 16.9 
Symphalangus klossi........ 2 54 110.2 60.6 56.4 | 34.3 | 127.7 | 13.8 | 20.0 
Symphalangus syndactylus.... 4 75 116.7 84.0 47.2 | 39.5 | 128.9 | 15.9 | 15.3 
Pongo pygmaeus........... 2 99 69.1 25.4 115.6 | 29.5 134.2 | 13.4 | 39.5 
ll ‘ 2) 102 83.0 77.4 68.5 | 52.5 | 134.5 | 14.1 | 22.5 
Gorilla gorilla........ A 9 | 150 76.5 63.0 80.8 50.7 | 138.4 | 16.9 | 30.7 
Gorilla beringei...... : 2 141 70.5 57.5 90.2 | 51.9 | 144.8 | 18.3 | 32.5 
Homo (Negroes) ...| 16 | 104 66.1 40.5 | 108.5 | 43.8 | 137.7 | 19.5 | 45.5 
Homo (Whites) 12 99 63.3 | 39.6 | 114.1 | 44.5 | 137.2 | 19.3 | 49.2 





The percentage relations or indices between these measurements are 
named in table 16. The first of these (‘‘scapular index’’) expresses 
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the morphological length in relation to the added breadths of the two 
scapular fossae. The higher this index the relatively narrower is the 
scapula perpendicular to its spine and vice versa. Frey (1923) has 
clearly demonstrated that in general a proportionately narrow scapula 
permits a smaller range of movement of the upper limb than a rela- 
tively broad scapula. In this connection it is interesting to find that 
of all the primates, listed in table 16, white man has the broadest 
scapula, as indicated by the minimum index of 63, whereas the opposite 
extreme is found in a baboon with an index of 143. Among the higher 
primates the Hylobatidae have much narrower scapulae than the large 
apes and man. The scapular index of the former ranges between 97 
and 152 and that of the latter between 56 and 93 (see table XIII). 
The values for orang-utan and for some gorillas fall well within the 
range of variations for man (56-75, and according to Frey among 129 
whites 54-78). The author’s values for this index agree very closely 
with those given by Frey (1923), except in the case of the large siamang, 
for which Frey obtained in 7 specimens an average of only 104 (range: 
103 — 106), whereas the author in 4 specimens obtained an average of 
117 (range: 97-130). In both these series of Symphalangus syn- 
dactylus, however, the average values fall considerably below those 
for any species of Hylobates. Frey has already commented at length 
(pp. 316 & 317 and table XVII) on this marked difference between 
what she calls “‘different subspecies of Hylobates,” according to which 
the siamang has a relatively broader scapula than any of the gibbons. 

The second index in table 16 (‘‘Spinal fossae index’’) shows the 
relation in breadth between the upper and the lower spinal fossa. In 
all the primates studied by Frey (1923) and by the author the supra- 
spinal fossa is narrower than the infraspinal one, except in one Hylo- 
bates leuciscus in which both fossae were equally broad (table XIII). 
The Hylobatidae in general show the highest values for this index 
among all primates, whereas the orang-utan represents the opposite 
extreme, besides some of the lower primates, and this in spite of the 
fact that the shoulder must have a very similar function in both the 
extreme brachiators—the gibbon and the orang. This striking differ- 
ence between these two apes in regard to the proportionate develop- 
ment of the scapular fossae is also clearly shown in figure 8. 

The length—breadth index for the fossa infraspinata ranges among 
higher primates from an average of 44 to one of 116, whereas the corre- 
sponding index for the fossa supraspinata ranges only from 29 to 52. 
It can be stated, therefore, that the supraspinous portion of the scapula 
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is very much less subject to evolutionary change than the infraspinous 
portion. The breadth of the latter surpasses the morphological length 
in man and in orang-utan, since both have average infraspinous 
indices of over 100. Neither Frey nor the author found this index to 
rise above 100 in any other primate. The maximum individual 
variation in the gorilla (92 according to the author, 95 according to 
Frey) reaches the minimum variation in man (93 according to Frey 
and the author). In regard to the supraspinal index the average values 
for man are greatly surpassed by those for the chimpanzee and the 
gorilla, whereas all the other primates examined have lower values 
than those of human races. 

It can now be stated that in regard to all the four scapular indices 
discussed so far, the values for man overlap those found in other 
primates. A study of the averages in table 16 supports furthermore 
the conclusion that in general there exist much greater differences in the 
scapula between the gibbon and the other higher primates than 
between man and the three large apes. 

The angle between the axillary border of the scapula and the 
morphological length, which corresponds roughly to the base of the 
scapular spine, (axillo-spinal angle) varies in the primates studied 
between 11° in a gibbon and 58° ina man (table XIII). The minimum 
value in man is 37°, the maximum in other primates 42°, found in an 
orang-utan. On an average this angle is highest in man, particularly 
in whites, and lowest in the siamang, in which the spine runs nearly 
parallel to the axillary border (see fig. 8, No. 5). 

The percentage proportion between the spine length and the 
morphological length expresses the relative amount to which the 
acromial process reaches beyond the glenoid cavity. This index 
varies between 114 and 123 in lower primates, on an average between 
126 and 129 in Hylobatidae, and between 123 and 145 in the large 
apes and man. It can be stated, therefore, that the acromial process 
is comparatively short in monkeys, somewhat longer in gibbons, still 
longer in orang-utan and chimpanzee, and longest of all in man and 
gorilla. 

Similarly, it is found that the relative breadth of the acromion 
(last index in table 16) is greater in the higher primates than in the 
monkeys, and greatest of all in gorilla and man. The latter two 
primates, therefore, possess the most extensive protection of the 
shoulder joint by means of the longest and broadest acromial 
process. 
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A study of the figures in table XIII shows convincingly that all the 
scapular indices vary individually a great deal, though not as much as 
the proportions of the sternum. The spinal fossae index, for instance, 
ranges in man between 25 and 51 and in Hylobates between 58 and 100. 
This marked variability is also seen from the drawings in figures 8 and 
9. The series of gorilla scapulae contains as striking differences 
between individual variations as does the series of human scapulae. 
The outlines of the fossa supraspinata are not alike in any two gorillas 
and the contour of the vertebral border of the gorilla scapulae varies, 
just as in man, from convex, to straight, and even to concave. Human 
scapulae with a straight or concave vertebral border have been named 
“‘scaphoid” by Graves, who used to believe (1911) that they are 
connected with congenital syphilis and later (e. g. 1924) maintained 
that they represent a symptom of degeneracy. In view of the fact that 
scaphoid types of scapulae are quite common in gorillas it is apparent 
that even Graves’ later and modified view is at least far too generalized. 
Frey (1924) denies the existence of any evidence for a correlation 
between the scaphoid scapula and degeneracy and concludes from her 
elaborate investigations on human bodies that specialized functions, due 
in turn to differing professions, are responsible for the variations in 
the shape of the scapula in general and in the contour of the vertebral 
margin in particular. Since these are found to vary in gorilla at least 
as much as in man, it is extremely difficult to share the belief of Frey 
that differing functions are the cause of these variations. The author, 
however, is thoroughly convinced by the beautiful studies of Frey 
that variations in the mode of muscle insertion (e. g. of the M. rhom- 
boideus) can influence the contour of the scapula. Such muscular 
variations, naturally, occur in gorillas as well as in man and may in 
both primates be at times correlated with skeletal variations. 

A significant result of the persistent studies by Graves (1910-1924) 
consists in his demonstrating the hereditary nature of scapular varia- 
tions. On this basis it can be understood that Gorilla beringei differs 
from Gorilla gorilla in regard to the formation of the vertebral border 
of the scapula. Scapulae No. 13, figure 8, and No. 22, figure 9 show 
the irregular contour of this border in the mountain gorilla, which 
seems to be characteristic of this species, since it was also well marked 
in the four specimens of the American Museum of Natural History. 
In all these scapulae the portion of the vertebral border at the root 
of the scapular spine bulges beyond the general direction of this border. 
This difference between the two gorilla species seems to be already 
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developed in infants, as shown by a comparison between Nos. 10 and 11 
in figure 8. It will be noted that the cartilaginous zone at the vertebral 
border is continuous in the infantile lowland gorilla and interrupted 
in the young mountain gorilla. This finding on only two infants can 
merely suggest a possible cause for the constant difference between the 
adults. 

PELVIS (AND SACRUM) 


The three main pelvic elements, the ilium, ischiam, and pubis, do 
not meet in the center of the acetabulum, as is frequently stated, but 
in a point situated more ventrally. This point lies in all primates 


MACAQUE GIBBON CHIMPANZEE GORILLA 
Fie. 10. Sipe Views or THe Lert Ossa Coxak OF INFANTILE PRIMATES SHOWING 
THE PoInT IN WHICH THE ILIuM, IscHruM, AND Pusis Meer. This point (A) lies 
in all forms at the inner border of the facies lunata and in the direction of the acetabular 
border of the idium. An os acetabuli anterius in the macaque is marked with an asterisk. 


Fig. 11. Petvic MeasuREMENTS SHOWN IN THE Lerr Ossa Coxark OF A NEGRO, A 
GORILLA, AND A Macaquse. This measuring technique is explained in the text. 


approximately at the intersection of the inner edge of the facies lunata 
with a straight line prolonging the lower part of the acetabular border 
of the illum downward. This is shown by the examples of infantile 
pelves in figure 10, in which the point under discussion is marked with 
A. Starting from this central point the three pelvic radii are measured 
directly on the left os corae in the following manner (see fig. 11): 
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1. Ilium length = point A to most distant point on iliac crest (D) 

2. Ischium length = point A to a point (B) in which the axis of the ischium 
(a-b) crosses the ischial tuberosity 

3. Pubis length = point A to upper end of pubic symphysis (C, ‘‘Symphysion’’) 

The inner views of the innominate bones of man, gorilla, and macaque, given 
in figure 11, show not only widely differing development in width of the ilium of 
primates, but also striking differences in the proportion between the iliac fossa 
and the sacral surface of the ilium. In speaking of the “‘sacral surface”’ the author 
considers in this study the facies auricularis and the tuberositas iliaca as one region, 
corresponding to the area of the (cartilaginous and ligamentous) sacro-iliac 
articulation. To characterize these features of the ilium the following three 
breadth dimensions were measured: 

4. Ilium width = greatest distance between the anterior superior and the posterior 
superior iliac spines (E - F) 

5. Fossa iliaca width = from the anterior superior iliac spine to the nearest point 
on the sacral surface (E-G@), but never above the direction of the ilium 
width 

6. Sacral surface width = greatest width (J-H) perpendicular to and through 
the center of the longitudinal axis of this area (c-d). 

It is frequently assumed that concavity of the fossa iliaca is a human pecu- 
liarity. In order to obtain some exact data by means of which to settle this 
question, the following measurement bas been selected: 

7. Fossa iliaca depth (respectively height) = greatest depth (or height) of the 
iliac surface below (or above) the line of the fossa iliaca width (E-G). If 
this surface is convex the value for the “‘height”’ is preceded by a +; if the 
surface is straight the resulting measurement will be 0; and if the iliac fossa is 
concave the value for the “‘depth’’ will be accompanied by a minus sign. 
This measurement is easily and accurately taken by means of a sliding 
compass with three parallel arms, of which the middle one can be lengthened 
or shortened. The author used the ‘ Koordinatenzirkel’’ described by 
Martin (1928, vol. II, p. 591). 


The most important percentage relations between these pelvic 
measurements are named in table 17, which contains the average 
values of the indices. The data from which these averages were 
obtained are listed in detail in table XIV. In the latter table will be 
found a greater variety of lower primates than in the former, but the 
proportion between the ilium width and ischium length is not included, 
since the individual values of this index are of little significance. 

The first proportion in table 17 gives the length of the ilium in 
percentage of the length of the ischium. With an average of only 
139, man is characterized by the relatively shortest ilium among all 
primates, the opposite extreme being found in the large siamang with 
an average index of 252. It is significant that the human ilium does 
not acquire its extreme shortness until late in growth, as shown by the 
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TABLE 17 


Averages of the Ilium Length (in Mm.) and of the Proportions of the Pelvis of the 
Primates Listed in Table XIV 


| 
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PRIMATE 


SPECIMENS 
ILIUM LENGTH 
ILIUM LENGTH 
ISCHIUM LENGTH 
PUBIS LENGTH 
ISCHIUM LENGTH 
ILIUM WIDTH 
ILIUM LENGTH 
ILIUM WIDTH 
ISCHIUM LENGTH 
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Pongo pygmaeus. . : adult 
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Pan spec.?.. adult 
Gorilla gorilla ; .| infant 
Gorilla gorilla . adult 
Gorilla beringei " .| infant 
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fact that the index of fetuses is much higher than that of adults. In 
other primates there exists no such marked age change in this respect 
(see also the data for Pithecus in table XIV). The ilium of adult man 
is exceptionally short not only in relation to the ischium, but also 
when compared with the length of the trunk and head. The latter 
comparison has been studied by Waterman (1929), who found that 
the ilium length amounts to only 16 per cent of the “‘body length” 
(from center of acetabulum to vertex) in man, but to anywhere from 24 
to 28 per cent in the other higher primates. 

The relation in length between the pubis and the ischium is com- 
paratively constant in the primates studied. Among adults the chim- 
panzee has the relatively shortest pubic bone and the siamang the 
relatively longest one. The value for man stands much nearer to the 
minimum than to the maximum of this index. In the chimpanzee and 
in the gorillas the pubis grows more intensively than the ischium, so 
that the index increases very considerably with advancing age. In 
man, however, no such growth change can be demonstrated. 
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The third index in table 17 shows the relative width of the ilium. 
It is quite evident that there exists a general evolutionary trend to 
broaden the primate ilium. In lower primates the ilium width 
amounts to less than 50 per cent of the ilium length, in higher primates, 
on the other hand, to more than 50 per cent, with the exception of 
some specimens of Hylobates. Man is the only primate in whom the 
width of the ilium surpasses the length, all human indices lying above 
100, whereas all indices of monkeys and apes lie below 100. This 
phylogenetic tendency to increase the width of the ilium is clearly 
shown by the examples of primate pelves in figure 12. It has also 
been convincingly demonstrated by Straus (1929), who studied the 
same problem with slightly different methods on very extensive 
primate series. Straus’ averages for the relative width of the ilium 
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agree in principle with those obtained by the writer. According to 
both authors the gorilla approaches man most closely in regard to this 
proportion, even though they are separated by a gap which is not 
bridged by individual variations. In this connection it should be 
noted also that in chimpanzee, in both species of gorilla, and in man, 
the relative width of the ilium increases with advance in age and, 
therefore, repeats in ontogeny what must have happened in the course 
of evolution. 

Since the human ilium, as shown above, has become extremely 
shortened, it must be concluded that the unusually large length-width 
index of the human ilium is not so much due to an actual increase in 
width as rather to this decrease in length. This assumption is sup- 
ported by a study of the next index in table 17, which expresses the 
ilium width in percentage of the ischium length, which is phylogenet- 
ically more conservative than the length of the ilium. Like the former 
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index, this second relative ilium width increases in general from the 
primitive marmoset to the large apes and man. It is found that the 
width of the ilium increases with advancing age not only in relation 
to the ilium length but also in percentage of the ischium length. In 
regard to this second index, however, the increase occurs in the African 
apes only and not in man. Whereas the first relative ilium width 
showed a very marked difference between man and gorilla (averages 
122 and 90 respectively), the second is practically the same in the two 
primates (averages 169 and 168 respectively). From this must be 
concluded that the ilium of man has not really become broader than 
that of gorilla but has become only very much shorter. 

The pelvic indices, discussed so far, have also a certain taxonomic 
value, since they permit nearly always a diagnosis in regard to the 
genus in the family of the Hylobatidae end even one in regard to the 
species in the genus Gorilla. The marked difference between the pelvis 
of Hylobates and that of Symphalangus syndactylus is at once apparent 
from the drawings in figure 12. These examples demonstrate also 
that the siamang has already a pelvis of typical anthropoid ape char- 
acter, particularly in regard to the broad ilium with its prominent 
anterior superior iliac spine, whereas the pelves of the gibbons have 
not yet departed so far from the more primitive condition of catarrhine 
monkeys. Based upon these findings alone, it is readily seen that the 
pelves pictured by Boltze (1926, fig. 8) can not be those of Sympha- 
langus syndactylus, as claimed by that author, but must belong to 
some species of Hylobates.’ This deduction is furthermore supported 
by the fact that the ilium length of Boltze’s specimens ranges from 73 
to 86.5 mm. In the author’s series of Hylobates this measurement 
varies in adults between 77 and 97 mm., whereas in the series of 
siamangs it varies between 104 and 120 mm. Additional differences 
between the pelves of the various gibbon species on one hand and of 
the siamang on the other, are present in all the proportions listed in 
table 17. The most pronounced difference exists in the relative width 
of the ilium, particularly when expressed in percentage of the ischium 
length. According to the indices in table 17, the pelvis of Sympha- 
langus klossi resembles in general that of Hylobates somewhat more 
closely than that of S. syndactylus. This is particularly true if the 


‘ This species is most likely leuciscus, since Boltze’s three specimens were sent 
from Weltevreden, Java. The writer has obtained several specimens of H. 
leuciscus from the same place. Java, furthermore, contains no other species of 
either Hylobates or Symphalangus. 
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last two indices of that table are disregarded on account of their 
especially high variability together with the fact that only two speci- 
mens of S. klossi could be examined. 

The pelvis of Gorilla beringe: differs from that of G. gorilla in regard 
to the length of the ilium. In percentage of the ischium length it 
amounts on an average to 195.5 in the former and to only 186.1 in the 
latter. The absolute length of the ilium varies in adult females 
between 220 and 231 mm. in the mountain gorilla and between 191 
and 204 mm. in the lowland gorilla; in adult males it ranges from 260 
to 268 mm. in the former and only from 216 to 238 mm. in the latter. 
Even the giant Gorilla gorilla, P. A. L. 8, has a much shorter ilium than 
the smallest of the G. beringeit males (see table XIV). The claim that 
the mountain gorilla possesses an unusually long ilium can be only 
tentative since five adults represent too small a series to permit definite 
conclusions. Nevertheless these preliminary findings strongly suggest 
that the two groups of gorilla have diverged in their specializations. 

The last index in table 17 expresses the greatest height of the curv- 
ature of the iliac fossa in percentage of the width of this fossa. Among 
lower primates this fossa is most frequently entirely flat, but it can 
be markedly convex, except in infantile specimens. Ateles seems to 
be the only lower primate in which a concavity is indicated and it is 
noteworthy that this coincides with the relatively broadest iliac fossa. 
Among the higher primates a convex fossa iliaca is still found in an 
occasional gibbon (2 out of 23 specimens) and chimpanzee, but in all 
the others this fossa has become concave. This concavity is much 
more pronounced in adults than in infants and is greater in Sympha- 
langus syndactylus than in Pongo and Pan. The highest degree of 
concavity is attained by Gorilla, who surpasses man in regard to the 
average, as well as to the maximum individual variation. 

The relation in width between the iliac fossa and the sacral surface 
differs tremendously in different primates. In a marmoset (Oedi- 
pomidas), for instance, the width of the fossa amounts to only 2.5 per 
cent of the width of the sacral surface, whereas in adult gorilla this 
percentage relation can rise to 477. This index lies always below 160 
in lower primates, on an average above 200 in Hylobatidae and orang- 
utan, abeve 300 in adult chimpanzee and gorilla, but again below 
160 in man (see table 17 and fig. 11). This general evolutionary trend 
to shift this proportion in favor of the iliac fossa is undoubtedly due to 
the above noted tendency to broaden the ilium, which affects almost 
exclusively the part of the ilium which is not required for attachment 
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to the spine. The same reasons are connected with the finding that 
this index increases with advancing age in all primates. The following 
discussion represents an attempt to explain the condition in man, 
which forms a striking exception to the general rule, that the sacral 
surface of primates remained relatively constant while the iliac fossa 
tended to become steadily broader. 

That man represents an exception among higher primates was 
found by means of the proportion between the fossa iliaca width and 
the sacral surface width, which averages 152 in man and, for instance, 
394 in the lowland gorilla. The low value of the former must be due 
either to an unusually narrow fossa or to an exceptionally broad sacral 
surface or, finally, to a combination between these two conditions. 
The correct answer is found by means of the following sample test: 
The fossa iliaca width in percentage of the ischium length amounts 
on an average to 100.2 in adult man and to 130.8 in adult Gorilla 
gorilla; the sacral surface width in percentage of the ischium length 
averages in man 66.4 and in the same series of gorillas 33.0. These 
figures suffice to support the conclusion that the iliac fossa of man is 
relatively narrower than that of one of the apes (man: gorilla = 1: 1.3), 
whereas the sacral surface of man is much broader than that of apes 
(man: gorilla = 1:0.5). It must be recalled in this connection that 
the total width of the ilium in percentage of the ischium length was 
found to be practically the same in man and gorilla, namely 169 in 
the former and 167 in the latter. This equal development in relative 
width was accomplished in the gorilla by the great lateral expansion 
of the iliac fossa, but in man by the dorsal enlargement of the sacral 
surface. The latter increase is also shown by the figures in table 18, 
particularly by the width of the sacral surface, which averages 62 mm. 
in man and only 45 mm. in the much larger gorilla. The fact that the 
sacral surface of the large apes is much longer than that of man is 
unquestionably connected with the above demonstrated shortening 
of the human ilium. As shown by table 18, the approximate area of 
the entire surface for the connection between spine and ilium is not 
much larger in gorilla than in man, but is much larger in the latter 
than in orang-utan and chimpanzee. This seems particularly signifi- 
cant when it is recalled that in regard to general body size, as character- 
ized by weight, man surpasses the male chimpanzee on an average 
very little, if at all, and is slightly inferior to fully grown orang-utans, 
whereas the male gorilla averages more than twice the body weight 
of man. It is hardly to be doubted that the area of the sacro-iliac 
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TABLE 18 


The Length, Width, and Approximate Area of the Sacral Surface of the Ilium in 
Adult Male Higher: Primates 





DIMENSIONS OF SACRAL | APPROXIMATE 
SURFACE (MM.): AREA OF 
PRIMATE COLLECTION SACRAL 


; SURFACE 
Length Width (sq. cM.) 








Ponge pygmaeus......... Nat. M. 145301 83 38 

Pan spec.?..............| Nat. M. 220326 70 31 

Gorilla gorilla P. A. L. 12 94 

Gorilla gorilla . A. L. 98 

Gorilla gorilla 

Gorilla gorilla............ 

Average of the four Gorilla 
eee a 

Homo (Negro) 

Homo (Negro)........... 

Homo (Negro) 

Homo (White) 

Average of the four Homo 
(Negro & White)...... 
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articulation is in general influenced by that part of the body weight 
which is at this place transmitted from the trunk to the leg. Quite 
generally speaking, only half the weight of the trunk rests on the sacral 
surfaces of quadrupeds, and in brachiating primates only the weight 
of the lower limbs is held at the junction between spine and ilium. 
In erect man, on the other hand, the entire weight of the trunk, head, 
and upper limbs bears on the sacro-iliac articulations. These articu- 
lations in man must be capable of supporting at least twice as large 
a share of the body weight as in gorilla. With this consideration in 
mind it is readily understood that an erect man with a body weight 
of about 165 Ibs. requires 41 sq. em. of sacral surface, whereas a 
quadrupedal gorilla of 360 Ibs. or more has a sufficiently strong 
sacro-iliac articulation with 46 sq. cm. of surface, and a chimpanzee of 
at least 150 Ibs. needs only 22 sq. cm. 

The writer has become convinced by these studies that the large 
sacral surface of man, which had to be acquired with the evolution of 
erect posture, did not develop at the expense of the region of the iliac 





354 Human Biology 


fossa, but represents rather a new growth process, increasing the total 
width of the ilium in a dorsal direction (see figs. 11 and 13). 
Mechanical factors have been responsible not only for the size 
and position of the pars sacralis of the ilium but have also influenced 
the pelvis in other ways. This is shown, for instance, in the exact 
lateral views of the pelves in figure 13. Seen from this direction the 
os coxae of the macque differs from that of the gorilla chiefly in regard 
to the width of the fossa iliaca and the angle between the axis of the 
pubis and that of the ilium. This angle has already been fully dis- 
cussed by Weidenreich (1913). Macaque and gorilla are very similar 
in regard to the relative distance between the sacro-iliac articulation 
and the acetabulum. It will be noted at once in figure 13 that this 
particular distance is proportionately much longer in the siamang and 


-) 


| 


Pithecus rhesus @ © Symphalang.syndact.c’ Gorilla beringei o” Negro o 
SCHULTZ 90S SCHULTZ 130 NATION. MUS. 239883 PAL. 


Fig. 13. Lert Sipe Views OF THE PELVEs OF Somsp ADULT Primates, ALL REDvUcED 
TO APPROXIMATELY THE SAME HEIGHT AND ALL DRAWN WITH THE DIOPTROGRAPH 
EXacTLY PERPENDICULAR TO THE MIpsaGITTAL PLANE. The midsagittal outline of 
the sacrum and the contour of the sacro-iliac articulation (including ligamentous portion, 
dotted area) were drawn by means of Martin’s diagraph. The drawings are oriented 
so that the lines connecting the center of the acetabulum with that of the sacro-iliac 
articulation area stand perpendicular. 
very much shorter in man. These conditions can be understood with 
the following consideration in mind. Locomotion in the macaque 
and the gorilla takes place chiefly in the quadrupedal fashion, although 
both make use of brachiation to a limited extent; the gibbon moves 
most of the time by brachiating, whereas man moves exclusively by 
erect walking. The weight of the trunk, acting on the sacro-iliac 
articulation, is supported by the femur in the acetabulum. In quad- 
rupedal primates the weight acts in front of the support (see also 
fig. 14) and the lever from the articulation to the acetabulum has to 
maintain a conservative length. In the extreme brachiator the weight 
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of the lower limb pulls on the acetabulum in a caudal direction, thereby 
having lengthened the portion of the ilium underneath its attachment 
to the spine. In bipedal man, on the other hand, exactly the opposite 
condition prevailed, the sacro-iliac articulation having been pushed 
down toward the acetabulum, thereby shortening the entire ilium. 

This crude presentation of conditions, which in reality are undoubt- 
edly much more complicated, purports chiefly to call attention to the 
‘ evidently and necessarily close connection between mechanical factors 
and evolutionary changes in the primate pelvis, a connection which 
exists nowhere more pronouncedly than in the pelvis of man. 

The last consideration of the pelvis deals with its exact position 
in the trunk. Weidenreich (1913) claimed that the backward bend- 
ing of the pars sacralis of the ilium in man necessitated a rotation of 
the entire pelvis in order to bring the center of the sacro-iliac articula- 
tion, z.e., of the weight of the trunk, perpendicularly above the center 
of the acetabulum, so that the weight rests directly above the support- 
ing femora. In this way he tried to explain the well-known “‘tilting 
forward” of the human pelvis. The author can not agree with this 
view, since the same result—if attained at all (compare the human 
pelves in figs. 13 & 14)—could have been more consistently accom- 
plished by bending the ilium forward in such a fashion that its axis 
would form a smaller angle with the axis of the pubis, instead of the 
largest angle among all primates, as it actually does according to 
Weidenreich’s own figures. 

In studying the natural position of the pelvis within the trunk (by 
exposing one side and leaving the other side embedded in the flesh) 
it is found that this position is practically the same in all primates, 
except man. As shown by the examples in figure 14, the direction of 
the ischium and that of the pubic symphysis follows in general the 
direction of the longitudinal axis of the trunk in the chimpanzee and 
in the gibbon, whereas in man the former two directions are more 
nearly perpendicular than parallel to the trunk axis. The pubic 
axis forms roughly a right angle with the trunk axis in the chimpanzee 
and gibbon, but one of about 150° in man. Figure 14 shows very 
clearly that in man the sacrum forms rather the roof than the dorsal wall 
of the pelvic cavity, while the symphyseal region functions more as a 
floor than as a ventral wall. In these respects man differs radically 
from other primates. It is very significant that in the brachiating 
and, therefore, erect gibbon the pelvis has the same position within the 
trunk as in the largely quadrupedal chimpanzee, but a position entirely 
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different from that in erect man. The entire trunk of any of the brachi- 
ators turns to an upright position in the acetabulum, whereas only the 
presacral portion of the trunk of man has acquired the upright position, 
and this chiefly by bending in the lower part of the lumbar region of the 
spine and not at all by turning in the acetabulum. It is difficult to 
bring this finding into agreement with the view of Morton (1926) and 
others that brachiation with its vertical posture opened the way auto- 
matically for the erect posture of modern man. 

As shown by figure 14, the ischial and pubic bones (and even the 
sacrum) of man have the same position in relation to the thigh as in 
chimpanzee with a quadrupedal pose. Indeed, it appears that at least 
the lower part of the pelvis is much more closely fixed by the limb than 
by the trunk and that this part retained in man the position character- 
istic of a quadruped. This, in turn, implies that the human trunk 
became erect only above the sacro-iliac articulation. A very similar 
view has been expressed by Friedenthal (1910), who regards the posi- 
tion of the human pelvis as a primitive inheritance from quadrupedal 
ancestors. Westenhdfer (1929) is the most emphatic advocate of 
this theory and claims bluntly that ‘“‘man is to this day a quadruped 
in regard to the position of his pelvis.” 

The last part of this chapter is devoted to certain proportions of 
the sacrum, which is a part of the pelvic girdle. The following three 
measurements were taken on the sacrum: 


Length = greatest, ventral, straight length of the sacrum in the midsagittal plane 
(fig. 16, A - B) (measurement 2 of Martin, 1928, p. 1001). 

Width = greatest transverse diameter of the sacrum between the ventral edges 
of the facies auriculares (measurement 5 of Martin, p. 1001). 

Height of are = greatest height of ventral, midsagittal curvature of sacrum above 
base formed by the length of the sacrum (fig. 16, C- D) (measurement 6 of 
Martin, p. 1001). This height is best measured with the ‘‘ Koordinatenzirkel”’ 
of Martin. 


The averages of the two indices, formed with these measurements, 
are listed in table 19. The width of the sacrum surpasses the length 
only in man among all the higher primates. The sole exception to this 
rule was found in a female Symphalangus klossi, in which the width 
amounted to 103 per cent of the length. This specimen, however, 
possesses Only four sacral vertebrae, whereas man averages over five. 
Man has in proportion to the number of sacral vertebrae the relatively 
broadest sacrum of all primates, a fact which is also shown by the 
examples in figure 15. Individual variations of the length-width index 





*(HadvupouLdoig HLIM NMVU(]) GVUEALUAA IVHOVE AGUH]T LSuly 
@HL dO LHDIGG] ANVG AHL OL aAgONAGAY T1IV ‘SaLVWIUg AO VYOVg AHL JO SMAIA LNOUT ‘CT ‘OIG 
p 
‘Buluag wjjU0 re) "JOD DIIWO! 
m4 ID ‘Duluag 1)]1U05 IIMOD) 


ess6ez ie ita 
SNW LWN Liwa ; 


t 


S runhuny p upjn-Bunig 
1p yaopuds buojoylwig 


> 
Ss 
‘3 
& 
= 
5S 
= 
= 





The Skeleton of the Trunk and Limbs of Higher Primates 359 


of sacra with at least five vertebrae range in gorilla to as much as 80 
and in male negroes to as little as 85. Negroes have on an average a 
relatively narrower sacrum than whites, as shown by the figures in 
table 19, as well as by those of Martin (1928), who records 91 as the 
average index of male negroes and 112 as the average of male whites. 


TABLE 19 


Averages of the Number of Vertebrae, the Length-width Proportion, and the Relative 
Height of the Midsagittal Curvature of the Sacrum of Adult Higher Primates 


| 
PRIMATE 
| 
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Hylobates (several spec.)........... | 
Symphalangus klossi............... 
Symphalangus syndactylus.......... 
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Fie. 16. MrpsacirraLt SecTIONS THROUGH THE SACRA OF GORILLA AND OF MAN 
SHOWING DIFFERENT DEGREES OF CURVATURE (DRAWN WITH DIAGRAPB). 


The height of the are in percentage of the length of the sacrum 
measures the degree of the sagittal concavity of the sacrum. Figure 
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16 shows that in some gorillas the sacrum can be much more curved 
than in some human beings. The maximum relative height of 
the sacral are is in gorillas 16.8, whereas the minimum in negroes 
amounts to only 9.3. On an average this index ranges from 4 to 6 in 
Hylobatidae; it amounts to 5 in chimpanzee, 8 in orang-utan, and 11 in 
gorilla. Man possesses the highest average, namely 15 in negroes and 
21 in whites. According to Radlauer (1908) the same index averages 
9.6 in the large apes, 18.1 in negroes and 23.6 in whites. 

These figures permit the generalized conclusion that among pri- 
mates with at least five sacral vertebrae chimpanzee has retained the 
straightest and narrowest sacrum, orang-utan follows as a close second, 
while the gorilla approaches man in these respects more than do the 
other apes. The sacrum of negroes is clearly more primitive and 
anthropoid in character than that of whites, whose sacrum is the most 
highly specialized among all primates in regard to its width as well as 
to its concavity. 

It should be mentioned, finally, that by far the longest sacrum of 
all primates was found in the giant gorilla, P. A. L. 8, whose sacrum 
measures 173 mm. in length. 


HUMERUS AND RADIUS 


The studies on the long bones of the limbs, to be discussed in this 
and the following three chapters, are restricted to the proportions in 
length between the bones representing the upper arm, forearm, thigh, 
and leg. While taking the necessary measurements the author 
recorded in many cases the presence or absence of a perforation of the 
fossa olecrani of the humerus. These notes on the so-called foramen 
supratrochleare (foramen intercondyloideum) are briefly discussed before 
passing to the proportions. The data in table 20, though based upon 
mostly small series, permit the following conclusion. A supratrochlear 
foramen exists rarely in the Hylobatidae, but occurs quite frequently 
in the three large apes, among which the orang-utan possesses it in 
the majority of the cases. In the anthropoid apes the frequency of 
this foramen increases with age and is greater in females than in males. 
The latter two results agree with the findings in man, in whom this 
perforation was never discovered in fetuses or infants and in whom 
women possess it very much more frequently than men. For instance, 
Koganei (1894) noted the foramen among Japanese in 28.1 per cent 
of women and in only 7.3 per cent of men, and among Ainus in 22.2 
per cent of women and in 5.6 per cent of men. According to Hult- 
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TABLE 20 
The Frequency of the Foramen Supratrochleare in the Humerus of Higher Primates 
PRESENT IN CASES: 
GENUS AGE SPECIMENS | 
| Absolute Percentage 
| 
Ree. .>+). ive Foe adult 10 1 10 
Symphalangus......... .| adult 6 0 0 
Pads athos os ae een juvenile 8 5 62 
Rs «cd cnianies sala adult 9 25 21 84 
NAc n.0>.a0ecks « euce adult @ 17 13 76 
Ga Gales-ss 5 <0 os <6 se ee 3 0 0 
ET Pee 7 3 43 
Mists Si 8 3 37 
Gorilla.................| infantile 2 0 0 
Gorilla.................| juvenile 3 1 33 
es 9 5 56 
Gorilla................., adult ¢ 10 4 40 














krantz (1897) the foramen occurs in Swedes in 14.8 per cent of women 
and in 4.7 per cent of men. As shown by Martin’s (1928) compilation 
from the literature, a foramen supratrochleare has been found in over 
50 per cent of the cases in Veddas and in certain American Indians, 
but in not more than 10 per cent of the cases in different series of 
modern whites. This perforation, therefore, can be at least as common 
in man as in the chimpanzee. Slomann (1926) has reached the con- 
clusion that at least in Gorilla the foramen is closed again in old males, 
but the writer has seen it wide open in two specimens of very evidently 
advanced age. Most authors agree in assuming that this perforation 
is caused by mechanical factors, connected with hyperextension of the 
forearm, and that its presence in man has no atavistic significance, 
as had been claimed by Wiedersheim (1908). Schinz (1922) found 
the foramen repeatedly in the same human family, so that it may be 
assumed that at least the occurrence of mechanical factors favoring a 
perforation of the fossa olecrani after juvenile life is hereditary. 

Four long bones of the limbs were measured by the following 
methods, which have been clearly pictured by Mollison (1911, figs. 4 
to 7): 

Humerus length = greatest distance between caput humeri and capitulum humeri 
parallel to the longitudinal axis of the bone. 


Radius length = greatest distance between capitulum radii and styloid process 
parallel to the longitudinal axis of the bone. 
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Femur length = greatest distance between great trochanter and lateral condyle 
parallel to the longitudinal axis of the bone. 

Tibia length = greatest distance between the middle of the edge of the medial 
condyle and the malleolus medialis parallel to the longitudinal axis of the bone. 


The length of the radius expressed in percentage of the length of 
the humerus is called the brachial index. In prosimians this index lies 
usually above 100, though in individual cases it can go as low as 95 
(Mollison, 1911, p. 295). In platyrrhine monkeys the index averages 
about 95 (table 21) and ranges according to Mollison from the rare 
value of only 84 to 104, the genus Afeles usually having indices slightly 
above 100. The lower catarrhines possess as a rule higher indices than 
the platyrrhines (see table XV), the average of the former lying above 
100. The minimum value of only 87 stands quite isolated among the 
large series of Old World monkeys measured by Mollison, whereas 
the maximum of 115 is, according to the same author, approached by 
the indices of many other specimens. As shown by table 21, the 
Hylobatidae have on an average by far the highest brachial index among 
all Simiae and one which is surpassed only by some highly specialized 
prosimians. Man, on the other hand, is characterized by the lowest 
average brachial index among all primates, this index being closely 
approached by only that of the gorilla. These notes and the data in 
table 21 can be summarized by stating that in general the radius is 
longer than the humerus in prosimians and in the lower catarrhines, 
and is slightly shorter than the humerus in platyrrhines. Among the 
higher primates the radius greatly surpasses the humerus in length in 
all gibbons and siamangs. The two bones are, on an average, of the 
same length in orang-utan, and the radius is somewhat shorter than the 
humerus in the chimpanzee. Gorilla and man, finally, are the only 
primates in which the radius is relatively very short. This is also 
clearly shown by figure 17, which demonstrates at the same time the 
range and distribution of the variations in this index. It can be seen 
at a glance that the range of variations in every genus of the higher 
primates overlaps extensively the range of the nearest genus. This is 
particularly striking in the case of man and gorilla. Rare individual 
variations in man can actually reach beyond the upper limit (85.2) of 
the range in Gorilla gorilla, since the writer found a brachial index of 
87.6 in a perfectly normal negro woman. The range for chimpanzee 
does not cross the 100 line in figure 17 but the author (1930) has 
recorded in another paper an adult chimpanzee with a brachial index 
of 101.4, a value which lies above the average of orang-utan. It is of 
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TABLE 21 \, 


Averages of the Humerus Length (in Mm.) and of the Limb Proportions of the 
Adult Primates Listed in Tables XV to XIX. The Data for Man Are Not Recorded 
in Detail; the Proportions of Ainus Were Calculated from the Measurements by 
Koganei (1894), the First Series of Negroes and of Whites Were Measured in Part by 
Dr. Straus and in Part by the Author, the Second Series, of Which Only the Crural 
Indices Are Given, Were Measured by the Author for Another and As Yet Unpublished 
Study. 





| INTER- 
HUMERUS | BRACHIAL; CRURAL | 
PRIMATE | | MEMBRAL 
LENGTH INDEX INDEX | 
INDEX 





Prosimians 2 103. 94. 
Platyrrhine monkeys...... .| | 94. 94. 
Catarrhine monkeys........ / 100. 


67. 





to & oo 





MND, oo cnenewercas | 113. 
Hylobates pileatus 111. 
Hylobates leuciscus.......... 112. 
Hylobates agilis 115. 
Hylobates (all species)....... 113. 
Symphalangus klossi 113. 
Symphalangus syndactylus. . . 111. 
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Pongo pygmaeus............ 


Gorilla graueri 
Gorilla beringei 
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Homo (Ainu) 

Homo (Negro) 

Homo (Negro) 

Homo (White) 

Homo (Wiite)...5. cc. sess. 
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particular interest to note that the individual variations in man (three 
different races, 71 individuals), containing only one species, range 
over 17 index units, whereas those in the family Hylobatidae range ever 
practically the same extent (18 index units), although this series 
contains two genera and at least six species. 

As shown by table 21 and figure 17 the three types of gorilla differ 
in regard to the brachial index. Gorilla beringei has the relatively 
longest forearm and Gorilla graueri, which is frequently regarded as a 
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mere subspecies of G. gorilla, the proportionately shortest one. The 
average of G. graueri lies even below the average of Ainus. 


TABLE 22 


Age Changes in the Average Limb Proportions of the Higher Primates Listed in 
Tables XVI to XIX 





| | INTER- 
SPECI- BRACHIAL; CRURAL | 
| MEMBRAL 


PRIMATE | 
MENS | INDEX | INDEX 


juvenile 
.| adult 








Symphalangus syndactylus. .| juvenile 
Symphalangus syndactylus. .| adult 











_ —. 
Pongo pygmaeus...........| infantile 
Pongo pygmaeus | juvenile 
Pongo pygmaeus adult 





| juvenile 
adult 








Gorilla gorilla.............| infantile 
Gorilla gorilla.............| juvenile 
Gorilla gorilla.............| adult 





Gorilla beringei............| infantile | 5; 75. 
Gorilla beringei | juvenile ' 78. 
Gorilla beringei........... ' adult } 85. 81. 








The figures in table 22 demonstrate the fact that the brachial 
index increases with age in all the higher primates, except apparently 
the lowland gorilla. The author has shown in a previous paper (1926, 
table 11) that man follows this general rule, inasmuch as his index also 
increases with advancing growth. The same paper contains the data 
(table 12) supporting the claim that the greatest ontogenetic change 
in this index occurs in the primates with the relatively longest forearms 
in adult life. In a fetus of Hylobates pileatus, e. g., the brachial index 
amounts to only 87.2, but in adults of the same species this proportion 
has changed to an average of 111.5. In a much younger gibbon fetus 
(H. concolor, sitting height 21.5 mm.) this index is even only 76.3. 
Among very extensive series of monkey and ape fetuses the author 
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has never seen a single specimen in which the radius surpassed the 
humerus in length, but he (1924, 1926) has found it an almost universal - 
rule for primates that the forearm grows more intensively than the 
upper arm. A radius somewhat shorter than the humerus is ontoge- 
netically, and in all likelihood phylogenetically, the original condition. 
A radius surpassing the humerus in length occurs late in ontogeny and 
represents a new specialization in phylogeny. Such a specialization 
is usually associated with the evolutionary trend to lengthen the entire 
upper extremity, which itself is accomplished chiefly by this intensive 
ontogenetic increase of the length of the radius. An extreme length 
of the entire arm, and especially of the forearm, has developed not only 
in the typical brachiators, such as Alteles, Hylobates, Symphalangus, 
and Pongo, but also in such quadrupedal forms as the baboons in which 
the arms had to become as long as the legs (which are proportionately 
long in the lower catarrhines). 

The figures in table 23 demonstrate the fact that no sex difference 
exists in the brachial index of siamangs and anthropoid apes. Accord- 
ing to Martin (1928) this index is lower in women thanin men. This 
author’s compilation of the upper arm-forearm indices and the humero- 
radial indices in human races shows that in 34 instances women had 
the lower values, but that in 10 other instances the women had higher 
indices than the men. The average absolute length of the humerus is 


TABLE 23 


Sez Differences in the Average Limb Proportions of the Adult Higher Primates Listed 
in Tables XVI to XIX 





INTER- 
MEMB., 
INDEX 


| | } 
| SPECI- | HUMERUS BRACHIAL; CRURAL 


PRIMATE SEX | 
MENS | LENGTH | INDEX | INDEX 





Symphalangus syndactyl .| 266.8 | 111.5 | 84.8 | 
Symphalangus syndactyl. 5 | 6275.8 | 110.2 | 87.0 | 


Pongo pygmaeus........ | | 324.7 100.8 | 92.1 | 
Pongo pygmaeus........| o& | 2 | 364.5 100.9 | 91.8 


239.3 | 92.3 84.6 107 .5 
a | $12.6 92.7 83.5 107.5 


Gorilla gorilla 1 @| 21 | 367.8 80.7 
Gorilla gorilla...........) « | 429.9 80.7 
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in all higher primates greater in males than in females. The most 
marked difference exists in the gorilla, the orang-utan showing almost 
as great a sex difference. The siamang and chimpanzee, on the other 
hand, differ comparatively little in the two sexes in regard to this 
particular dimension. It is very interesting but difficult to explain 
that sex differences in size should be so little alike in various primates. 
In the gorilla the humerus length of adult females varies between 344 
and 403 mm., but that of adult males between 402 and 480 mm., 7. ¢., 
the two ranges barely touch one another (see table XIX). In the 
siamang, on the other hand, the two ranges overlap very extensively, 
the humerus length of females varying between 256 and 275 mm. and 
that of males between 259 and 289 mm. That male gibbons can also 
be not much larger than female gibbons seems highly probable from the 
example of the ilium length in adult Hylobates concolor, which averages 
87.8 mm. in 8 females and only 86.7 mm. in 6 males (table XIV). In 
the Spider monkey (Ateles geoffroyi), finally, the female seems to be 
actually larger than the male, as shown by the following data: The 
sitting height of 14 adult females varies between 408 and 518 mm. 
(average 453 mm.), whereas that of 6 adult males varies between 404 
and 466 mm. (average 437 mm.). These specimens were all shot and 
measured by the author in one locality and all had their complete 
permanent dentition. On another and much more extensive series 
of Spider monkeys the author (1926) could demonstrate that the skulls 
of males are on an average slightly smaller than those of females, 
whereas in Alouatta the skull dimensions of males surpass those of females 
by 10 percent. These data must suffice for the present study to support 
the claim that the amount of secondary sex differences in primates 
is widely different in various types. These differences, particularly in 
size, are most pronounced in the gorilla and are in all probability least 
developed in the gibbon and Spider monkey. 


FEMUR AND TIBIA 


The length of the tibia in percentage of the length of the femur is 
the so-called crural index. This proportion has higher average values 
in prosimians and platyrrhine and catarrhine monkeys than in gibbons, 
apes and man (table 21). Among the former the index rises frequently 
above 100 (Mollison, 1911), whereas among all the latter this was found 
in only one orang-utan (table XVII). The crural index of primates is 
more stable than the brachial index, the extremes of the former falling 
less far apart than those of the latter. Decidedly the lowest average 
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femoro-tibial index among all primates is that of gorilla; the chimpanzee 
ranks second in this respect and man as well as some Hylobatidae, third. 
It is very interesting to find that the unique lengthening of the lower 
extremity of man has not changed the proportion between leg and 
thigh, since this proportion lies roughly in the middle of its range among 
higher primates. 

The postnatal age changes in the crural index, shown in table 22, 
are not uniform in the different primates; in four instances the index 
increases with age, but in two other instances it decreases. Ina former 
paper (1926) the author has demonstrated that this proportion 
increases from early fetal to adult life in man and in gibbon, but that 
it remains unchanged during growth in the Spider monkey. 

As shown by table 23, there exists no significant sex difference in 
the crural index of siamangs and apes. The figures for man, collected 
by Martin (1928), also fail to reveal any consistent sex difference in 
this respect. 


RELATION IN LENGTH BETWEEN UPPER AND LOWER EXTREMITIES 


The sum of the lengths of the humerus and the radius in percentage 
of the sum of the lengths of the femur and the tibia form the so-called 
intermembral index of the skeleton. In all the lower primates the 
upper extremity is shorter than the lower one, 7. e., the intermembral 
index lies below 100, with the exception only of two specimens of Afeles 
paniscus and two of Ateles belzebuth, measured by Mollison (1911), and 
of two Alouatta palliata, measured by the author (table XV). The 
highest index of these few exceptions amounts to 107.0. The Hylobati- 
dae and the anthropoid apes are sharply disginguished from the lower 
primates by possessing without a single exception intermembral indices 
above 100. Adult man represents the exception among higher pri- 
mates by having a very low intermembral index, indeed, the lowest 
average value among all Simiae. This exceptional position of man is 
clearly shown in figure 18. The index of man is approached most 
closely by that of chimpanzee, but the gap between the maximum varia- 
tion of the former and the minimum variation of the latter amounts to 
24 index units. In contrast to this it is found that the ranges of varia- 
tion of all the other genera of higher primates overlap one with another. 
The data in table 21 show a significant difference between the inter- 
membral indices of the lowland and the mountain gorillas, according to 
which the latter has the proportionately shorter arms. This difference 
was discussed in detail in a former paper by the author (1927, fig. 1, 
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pp. 31 & 32), so that it remains only to add here two new records on 
adult mountain gorillas. These were obtained on the large males 
secured in the flesh by the Columbia University-American Museum 
African expedition. Doctor D. J. Morton generously invited the 
author to measure these valuable specimens. These measurements 
will be published in detail later on. Here it is merely mentioned that 
both these gorillas have intermembral indices (obtained on the outer 
body!) below the average of Gorilla gorilla, but slightly above the 
previous average for Gorilla beringei, namely 113.6 and 115.2. 

A valuable result of the study of the intermembral index is the 
finding that the different species of Hylobates have very much lower 
indices than the large siamang. The averages of the former range 
between 124 and 133, but that of the latter amounts to over 148. The 
maximum value of any true gibbon is 136.9 (H. lar), but the minimum 
variation of adult Symphalangus syndactylus is 145.0. The two 
ranges of variation are clearly separated, as shown also by figure 18. 
This proportion, therefore, is of distinct taxonomic value, since by it 
alone one is able to distinguish infallibly the large siamang from all the 
other Hylobatidae. Since this difference is very much greater than that 
between any two gibbon species, the large siamang should never again 
be classified as merely one of the species of Hylobates, as so many 
authors unfortunately persist in doing. This plea is particularly 
necessary, because there are so many additional features which clearly 
separate the largest of the Hylobatidae from all the other forms. The 
intermembral index alone would have been sufficient to find and 
correct the mistake in the determination of the genus of Boltze’s (1926) 
material. His specimens have indices of 122.8, 125.9, and 126.3, when 
calculated from the usually employed measurements. These values 
could never belong to Symphalangus syndactylus, but fit only into the 
range of variations in Hylobates. It is very interesting to find that 
Symphalangus klossi stands far removed from S. syndactylus in regard 
to its intermembral index, which averages even slightly less than in the 
entire series of Hylobates. In previous chapters it has been demon- 
strated that there are several other important features which tend to 
ally S. klossi more closely the gibbons than with the large siamang. 

It has been shown that in the extreme hangelers the upper limb has 
become lengthened until it can amount to as much as 155 per cent of 
the length of the lower limb and that in man, the exclusively bipedal 
walker, the lower limb has become lengthened, so that the upper 
extremity amounts to only 65 per cent or even less of the length of the 
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lower one. The intermembral index, however, reveals really only the 
relation in length between the two limbs and by it alone one can not 
definitely decide whether, for instance, the low index of man is due to 
an increase in leg length or a decrease in arm length. This question 


TABLE 24 
The Intermembral Index and the Relative Lengths of the Limbs (from Measure- 
ments Taken on the Outer Body) in Embalmed Higher Primates. The Hylobatidae 
Are All Juveniles Because No Adult Symphalangus Klossi or S. Syndactylus in the 
Flesh Was Available. The Adult Gorilla Is Specimen No. 1 of the Columbia Univer- 
sity-American Museum African Expedition. 





PRIMATE | COLLECTION 


FEMUR + TIBIA 
ANTERIOR TRUNK B. 





HUMERUS + RADIUS 
FEMUR + TIBIA 
HUMERUS + RADIUS 


ANTERIOR TRUNK H. 

















juv. A. Hopk. 36 
juv. Nat. M. 253508 
9 juv. A. Hopk. 205 

Symphalangus klossi........... -| juv. Nat. M. 121682 
Syumphalangus syndactylus....... juv. | Amer. M. C. A. 604 

adult | A. Hopk. 212 
sub-ad. | A. Hopk. 206 
adult Columbia Univ. 1 
adult A. Hopk. 
adult | A. Hopk. 

















adult | A. Hopk. 





can be answered only by studying the relation between the lengths of 
the limbs and some dimension on the trunk, best of all the anterior 
trunk height (upper edge of manubrium sterni to upper edge of symphy- 
sis pubis). A preliminary list of these particular proportions is given 
in table 24. Since the height of the trunk can not be measured in an 
exact manner on the skeleton, embalmed specimens had to be used, of 
which only a few have been selected for the present study. The data 
for the Hylobatidae show conclusively that Symphalangus syndactylus 
has actually a proportionately much longer upper limb than either S. 
klossi or any of the species of Hylobates, but that the relative length of 
the lower limb is the same in all these different animals. The large 
siamang, therefore, has really developed the longest arm of all primates, 
not only in relation to the length of the lower limb but also in propor- 
tion to the height of the trunk. The limbs of the orang-utan have 
approximately the same percentage relation to one another as in the 





372 Human Biology 


siamang, but in relation to the trunk they are very much shorter thanin 
any siamang or gibbon. The three male negroes differ from the other 
primates by possessing much longer lower limbs in relation to the trunk 
height. In regard to the relative length of the upper limb, on the other 
hand, the negroes fall within the range of variations in the other prima- 
tes. Man’s unusually low intermembral index is, therefore, exclusively 
due to the lengthening of the lower extremity and is not caused by any 
demonstrable shortening of the upper extremity. Indeed, the latter 
is proportionately longer in two of the three negroes than in the gorilla 
and the chimpanzee. This last fact indicates either that the fully 
grown African apes are not particularly well adapted for brachiation, 
or else that at least some human races could become just as good 
brachiators as these apes. 

As shown by the data in table 22, the intermembral index increases 
a little with advancing age in the gibbon and siamang; it remains 
practically unchanged in orang-utan and chimpanzee, and it decreases 
somewhat inthe gorillas. Innone of these higher primates is the change 
with age very marked, but the age periods considered do not include 
those of the most rapid growth, 7. e., the fetal and early infantile stages. 
The author has shown in a previous paper (1926) that the intermembral 
index (formed of the entire lengths of the extremities) of primates is 
much more uniform in early fetal than in adult life. By means of 
detailed data he has been able to demonstrate that during the entire 
growth period this index either decreases in general or else remains 
practically constant, small increases occurring only during limited 
periods of development. He found that the entire upper limb length 
amounts in early human fetuses to 133 per cent of the entire lower limb 
length; in human newborns this proportion has decreased to 105, and in 
human adults to 83. This ontogenetic decrease in man is very much 
greater than in any other primate and continues through postnatal 
growth. For this and several other reasons the author concluded that 
the unique lengthening of the human leg took place most likely during 
relatively recent phases of man’s evolution. In his recent book Wood 
Jones (1929) has attacked this conclusion by arguing that the late 
ontogenetic increase in the relative length of man’s lower limb ‘‘shows 
no more than that the energies of foetal life are centred on the develop- 
ment of the fore end of the body at the expense of the hind end, and 
that to secure this result the foetal circulation has its peculiar distribu- 
tion.”” The writer agrees with Wood Jones’ statement: “It is the 
invariable rule in all Mammals that in intrauterine stages the fore limb 
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grows faster, becomes more perfected, and more functional than the 
hind limb. The foetal circulation is arranged in accordance with this 
happening, ...’”’ The author has himself contributed some new 
evidence supporting this well-known rule (in the chapter on the ‘‘ Law 
of developmental direction,’ Schultz, 1926) and has never denied that 
it could account for at least the early fetal growth changes in the 
relation in length between upper and lower limb. No law of cephalo- 
caudal growth, however, can explain the fact that this intermembral 
index changes ontogenetically so very much more in man than in the 
other primates and particularly the anthropoid apes. Professor Wood 
Jones will certainly not claim that the fetal circulation of man is essenti- 
ally different from that in the apes. That Wood Jones’ critique of the 
author’s hypothesis is not pertinent, or at least inadequate, is shown 
also by the following data, which have been restricted to those bearing 
upon the postnatal growth period alone. The length of the humerus 
and radius in percentage of the length of the femur and tibia was found 
to average 83.5 in 10 white newborns, but only 66.2 in 24 white adults. 
The same proportion amounts to 131.3 in a newborn orang-utan and 
to 143.8 in adults of thisape. The figures for chimpanzee are 107.0 ina 
newborn and 107.7 in adults, and those for gorilla are 113.7 in a twelve 
months old infant and 117.0 in adults. The values for the ape infants 
are quoted from the author’s (1930) most recent publication on anthro- 
poid ape growth and those for the adults are repeated from table 21. 
These figures prove first of all that even after fetal life the intermembral 
index of man changes very much more than that of the apes. They 
furthermore show that from birth to adult life the lower limb grows 
much faster than the upper limb in man, more slowly in orang-utan, and 
that the two limbs grow at almost the same rate in chimpanzee and 
gorilla. There exists to-day no other explanation for the striking 
differences in these growth processes than the assumption that they are 
due to late phylogenetic changes in the ontogenetic processes of 
ancestral forms. This claims that the not too distant precursors of 
orang-utan had relatively shorter arms and the ancestors of man 
relatively much shorter legs than recent orang-utan or man. 

Martin (1928) shows in several tables that in the majority of human 
races men have higher intermembral indices than women and states 
that the latter have in general the relatively shorter arms. It is inter- 
esting to find in table 23 that other higher primates also have higher 
intermembral indices in males than in females, although the differences 
are so small that they can not yet be regarded as very reliable. 
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TABLE 25 


Variation Coefficients and Their Probable Errors of 'The Limb Proportions in 
Adult Higher Primates. From the Series Listed in Tables XVI to XIX and for 
Man from the Series of 49 Ainus by Koganei (1894), from the New and Complete 
Series of 22 Whites and Negroes Used in Table 21, and from a Series of 136 Whites 
and Negroes (Measured Only for Crural Index) Studied by the Author for Another 
and as Yet Unpublished Investigation. 





| } i 
SPECI-| BRACHIAL | CRURAL INTERMEM- | 
| Mens | INDEX INDEX | BRAL INDEX 


PRIMATE 





Symphalangus syndactylus....... 
Pongo pygmaeus 
a cnc thncewaned ei 
Gorilla gorilla 

Home (Ainu, Negro, White) 
Homo (Negro, White) 


PHawuosnw 
FERSSESE 














It remains to consider the degree of variability of the intermembral 
index and, for comparison, that of the other limb proportions as well. 
For this purpose the variation coefficients and their probable errors 
have been calculated for the series of adult higher primates which 
contain sufficient numbers of specimens to render these coefficients 
significant. The results of these calculations are listed in table 25. 
All these coefficients are rather low, indicating a fairly marked degree 
of stability in these different proportions of the limb bones. On an 
average the intermembral index is somewhat more constant than either 
the brachial or the crural index, a result which agrees with previous 
findings of the author (1926). The limb proportions of the siamang 
are decidedly less variable than those of the other higher primates, 
among which man possesses the most variable proportions. The series 
for man includes only three different races, whereas that for chimpanzee 
contains at least two or three different species, yet the former series is 
slightly more variable than the latter. This comparatively high 
variability of the limb proportions in man is of particular interest 
because man was found to be unusually stable in regard to the number 
of vertebrae. Thus wecan conclude that the variability of each partic- 
ular feature or of each group of features can be very different in closely 
related primates, but that the comparative degrees of variability of all 
the features of any particular primate are rarely the same. For 
instance, the author has shown in a previous study (1926) that the 
cranial features of Ateles are much more variable than those of Alouatta, 
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but, as pointed out ina preceding chapter, the opposite relation exists in 
regard to the variability of the number of vertebrae. In a similar way, 
Homo sapiens was found to have fewer numerical variations in vertebrae 
than Symphalangus syndactylus, but the limb proportions of the former 
vary considerably more than those of the latter. 


ASYMMETRIES 


Asymmetries can theoretically be regarded as variations in the two 
halves of a body. This was shown by the author in three different 
papers (1926) which proved that asymmetries are as frequent and as 
pronounced in fetal as in adult life and are particularly marked in such 
characters as the size of the outer ears. For these and certain addi- 
tional reasons the conclusion was reached that bilateral differences in 
function are not, as is frequently claimed, the determining factors in the 
occurrence of asymmetries. This chapter is devoted to a comparison 
between man and other primates in regard to the frequency and degree 
of asymmetry in their limb bones and clavicles. 

The absolute as well as percentage frequencies of asymmetries in 
limb bones are listed in the tables 26 and 27, which combine the author’s 
new data with those recorded in the literature, especially in the classic 
paper by Mollison (1911). The main results are shown diagrammati- 
cally in figure 19. It is seen, first of all, that cases of symmetry are 
much more frequent in lower primates than in the higher ones. To 
some limited extent this may be due to the fact that the bones of the 
former are in general smaller than those of the latter and that an 
asymmetry in length becomes the more difficult to detect the shorter 
the bones are. The limb bones of gibbons, however, are very little 
longer than those of the majority of New and Old World monkeys, 
among which many are very much larger than the gibbons, yet in spite 
of this they are more rarely symmetrical in gibbons than in the lower 
primates. The greatest frequency of symmetry is found in lower 
primates, in which the right and left radii are of exactly equal length in 
40.8 per cent of the cases; the smallest frequency occurs also in the 
radii, since in orang-utan these bones are symmetrical in only 6.9 per 
cent of all the specimens. 

Asymmetries in the limb bones of lower primates favor one side 
practically as frequently as the other, as would be expected from 
random variations in the two halves of the body. It may be mentioned 
here that asymmetries in the size of the outer ears of man were also 
found to be as frequently in favor of the left side as in favor of the right 
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(Schultz, 1926). Among the higher primates the right bones are more 
frequently longer than the left bones in the upper limb of the gibbon, 
orang-utan, and, especially, man. The reversed relation exists in the 
bones of the lower limb, which are most frequently longer in the left 


TABLE 26 


Asymmetries in the Humerus and Radius of Adult Primates. Absolute and 
Percentage Frequencies of Cases in Which the Left Bone Is Longer (l >), in Which 
the Left and Right Bones Are of Equal Length (=), and in Which the Right Bone Is 
Longer (r >). The Author's Series for Man Includes 105 Cases Recorded in a 
Previous Paper (1918). 





| 
| | | RADIUS 


PRIMATE AUTHOR 


Se es ee es : j | 

Mollison, 1911... Serre 82 

ben ab | 16 

LOWER PRIMATES | * a | | | 9g 35 \4 





| PERCENTAGE......... | a1. 3'39.5|29.2 \35.7140.8\23.6 





| Mollison, 1911. 


| Schultz 
GIBBON AND SIAMANG 


PERCENTAGE... 





| Bardeleben, 1909.... 
| Mollison, 1911....... 
ORANG-UTAN ee |17 
|22 4 4 


| PRRCENTAGR............ ae j10.5)61.4 \37. 37.9) 6.9)56.2 


| Bardeleben, 1909. 
Mollison, 1911.... 


CHIMPANZEE 





| Bardeleben, 1909............ 
| Mollison, 1911.... 


GORILLA | Schultz 
| TOTAL.... 


| PERCENTAGE...... 








| Mollison, 1911... 
| Schwerz, 1912.. 

| Schultz | | 
37 (36 ‘31 |170 


15. 213. 071. 8 
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TABLE 27 


Asymmetries in the Femur and Tibia of Adult Primates. For Explanation See 
Table 26. The Author’s Series for Man Includes 103 Cases of Whites and 
Negroes Measured for Another and As Yet Unpublished Study 


| 





PRIMATE 





| 
| 
| 


| Mollison, ee a 
| Schultz 
| FORA. + 0ssenereeeeeee ees 
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limb than in the right in chimpanzee and in man. Figure 19 shows 
that in general this favoring of one side is more pronounced in the 
upper limb than in the lower, and is most striking of all in the humerus 
and radius of man. Since the writer (1926) found among 100 human 
fetuses that the right humerus is already at this age most frequently 
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Fig. 19. DIaAGRAMMATIC REPRESENTATION OF THE PERCENTAGE FREQUENCIES OF 
ASYMMETRIES IN THE Limp Bones OF ADULT Primates. The black columns under- 
neath ‘‘L>” represent the relative numbers of the cases in which the left bone sur- 
passed the right one in length. In the same way ‘‘R>” indicates asymmetries in 
favor of the right side; symmetry is marked by a = sign. The small number above 
each diagram gives the number of specimens used for the construction of the particular 
diagram (based upon data in tables 26 and 27). 
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the longer of the two, he can not admit that human right-handedness 
gives a greater growth stimulus to the right arm, thus causing asymmet- 
ries in favor of that side. It seems not impossible, however, that 
righthandedness is connected with some selective process among the 
congenital bilateral variations. Atanyrate, the functional asymmetry, 
known as right-handedness, is in man correlated with the morphological 
asymmetry in the length of the limb bones. Should this correlation 
prove to be a general rule, one could predict from the present data that 
gibbon and orang-utan are right-handed, though not as commonly so as 
man, that chimpanzee and gorilla are ambidextrous, and that chimpan- 
zee is as “‘left-legged” as man. According to Fick (1926), Yerkes 
(1929), and the author’s own observations on live chimpanzees, these 
apes do use their hands without any regular preference of either the 
right or the left. 
TABLE 28 


Percentage Frequencies of Asymmetries in the Length of the Clavicle of Adult 
Primates. The Series for Man Contains 18 Adult Male Whites from the Western 
Reserve University (Collection of the Anatomical Laboratory) Which Were Measured 
by Dr. W. L. Straus, Jr. The Clavicles of the Other Primates Were Measured by the 
Author. 





TOTAL OF 
PRIMATE . r> 
CASES 





Lower primates 15 47 33 
Gibbon and siamang 6 67 33 
Orang-utan 33 45 36 
CIN os oa ces le besacinba 12 58 é 17 
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39 69 














The asymmetries in the length of the clavicle are shown in table 28. 
In all the groups of primates, except the gorillas, the left clavicle 
surpasses the right one in length more frequently than vice versa. 
According to Martin (1928) this is the general rule among human races. 
This result is rather surprising, particularly in regard to man, in view of 
the fact that it is the right arm which is generally the longer one and 
that the right half of the human thorax is on an average wider than the 
left half (Gaupp, 1909). 

The discussion so far has dealt merely with the relative frequencies 
of asymmetries, but it is of importance also to know to what extent the 
two sides of the body may differ from each other. For this purpose the 
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absolute difference is expressed in percentage of the smaller of the two 
measurements. For instance, the maximum asymmetry among normal 
femora of adult orang-utans amounts to 10 mm., which is 4.3 per cent 
of the length of the shorter of the two femora; the greatest difference 
between the lengths of the two clavicles of any orang-utan is 9 mm., or 
6.4 per cent of the length of the shorter clavicle. Perfect symmetry is, 


TABLE 29 


Average Differences (Including Cases of Symmetry) between the Lengths of 
the Right and Left Limb Bones and Clavicles (Expressed in Percentage of Smaller 
Measurement) in the Author’s Series of Adult Primates Listed in the Tables 26, 27, 
and 28. 
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naturally, indicated by this method by 0. Table 29 contains the 
averages of these percentage differences (including all cases with 0) 
between the right and left bones. It is seen at once that in all primates 
the clavicle is much more asymmetrical than any of the limb bones. 
The average percentage difference between measurements on the right 
and on the left amounts to 2.7 in human clavicles and to only 1.1 to 1.7 
in the limb bones of man. The same average was obtained as 1.1 for 
the length of the foot in whites and as 1.3 for the same dimension in 
Central-American Indians (Schultz, 1926). These data suffice to show 
that the two clavicles have an unusually marked tendency to differ in 
length. 

The last column in table 29 supports the conclusion that the limb 
bones and clavicles of man are more asymmetrical than those of other 
primates, indeed, on an average just twice as much as in the gorilla. 
This finding that the limb bones vary on the two sides of the body more 
intensively in man than in other primates agrees with the previous 
result that the proportions between the lengths of the limb bones are 
more variable in man than in the apes (table 25). 





The Skeleton of the Trunk and Limbs of Higher Primates 381 


HAND 


In his study on the growth of gorilla the author (1927) has demon- 
strated that the length of the hand in relation to the Jength of the arm 
is practically the same in man and gorilla and in both very much shorter 
than in the other higher primates. These results, which agree with the 
findings by Fick (1926), indicate that the hand of adult gorilla is less 
adapted for arboreal life than the hands of the other apes. This chap- 
ter deals with the three main proportions between different parts of the 
skeleton of the primate hand. 


TABLE 30 


Average Proportions in the Skeleton of the Hand in the Series of Primates Listed 
in Table XX. The Last Row of Indices Has Been Calculated by the Author from the 
Detailed Measurements on 59 Complete Hand Skeletons of Adult Whites Recorded by 
Fick (1926). 
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Four measurements were taken on each hand (the left one, with a 
few unavoidable exceptions), namely the length of the metacarpus and 
that of the three phalanges of the middle finger and the length of the 
metacarpus and that of the two phalanges of the thumb. By adding 
the length of the metacarpus to the total length of the phalanges of the 
same digit one obtains the length of the particular ray. The averages 
of the proportions based upon these measurements are listed in table 
30. The length of ray I in percentage of ray III expresses the relative 
length of the thumb. This index ranges between 40 and 58 in the few 
lower primates studied. Among the higher primates the orang-utan 
has the lowest average index, i. e., the relatively shortest thumb. The 
thumb of chimpanzee is but little longer. The third longest thumb is 
found in the Hylobatidae and in the lowland gorilla with indices of not 
quite 45. In the mountain gorilla the length of the first ray amounts 
practically to half that of the third ray. As shown by table XX, this 
index varies between 42.1 and 46.4 in Gorilla gorilla and between 48.0 
and 52.0 in G. beringei. Since these ranges do not overlap there seems 
to exist a significant difference between the two gorillas, according to 
which the mountain gorilla possesses a relatively longer thumb than 
the West-African gorilla, which itself has a considerably longer thumb 
than the chimpanzee. It should be emphasized that these data do not 
refer to the outer free thumb but to the entire length of the skeletal 
thumb of which only a part belongs to the free digit. The human 
thumb, finally, is relatively longer than in any other primate listed in 
table 30. 

The length of the phalanges of the middle finger forms more than 
60 per cent of the length of the third ray in platyrrhines and less than 
60 per cent in lower catarrhines. Among the higher primates this 
proportion is surprisingly constant, deviating in the averages very 
little from 59. Thus the relative phalangeal length of the long and 
slender gibbon hand is 60.4, whereas that of the short and broad human 
hand is almost the same, 7. e., 59.4; in the greatly elongated hand of 
orang-utan this index averages 57.7 and in the shortened and exces- 
sively broad hand of gorilla it amounts to even more (in the East- 
African species), namely to 59.1. It seems unquestionable that among 
higher primates the human hand has become shortened and the orang- 
utan hand, for instance, lengthened. This claim could be supported 
in various ways, but it suffices to mention here that in man the hand 
amounts to 37 per cent of the trunk height, whereas in orang-utan it 
amounts to 63 per cent (Mollison 1911). These data combined with 
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those in table 30 permit the conclusion that the evolutionary shorten- 
ing as well as lengthening of the hand has affected the metacarpal 
portion to practically the same extent as the phalangeal portion, since 
these portions maintained nearly the same relation to each other 
regardless of the relative total length of the hand. That entirely 
different conditions exist in the skeleton of the foot of primates will 
be shown in the following chapter. 

The last column in table 30 shows the proportion between the 
phalangeal part of the thumb and the entire length of the thumb ray. 
This index is also comparatively constant among higher primates, the 
averages ranging only between 48 and 54. As in regard to the middle 
finger, it can be said of the thumb that neither extreme shortening nor 
lengthening of this digit has affected the proportion between phalanges 
and metacarpus to any marked extent. Ina series of whites, e. g., ray I 
amounts to 64 per cent of ray III and the phalanges of the thumb form 
52.6 per cent of the entire thumb length. In orang-utan the length of 
the first ray has become reduced to only 34.6 per cent of the length of 
ray III, but this shortening affected the metacarpal portion of the 
thumb almost as much as the phalangeal portion, since the relation 
between the two differs but very little from the same relation in the 
other apes and even from that in man with the longest thumb. This 
finding is unexpected in view of the fact that hereditary brachydactyl- 
ism of the human thumb is manifested particularly by the shortening 
of the terminal phalanx (Breitenbecher, 1923) and that in the primates 
with the most extreme reduction of the thumb (Ateles and Colobus) the 
phalanges suffered most, being mere vestiges whereas the metacarpus 
is still fairly well developed (Schultz, 1924, 1926). 

As a broad generalization it may be stated in conclusion that the 
proportions of the hand skeleton are comparatively uniform and 
conservative among the higher primates. 


FOOT 


In a recent paper on “‘ The distinctions of the human hallux’”’ Wood 
Jones (1929) makes the introductory statement that during the last 
decade: 


‘A great deal of detailed work has been done upon the ontogeny and phylogeny of 
the human foot with a view to establishing its pithecoid origin, and to-day there 
seems to be some danger that we may be lulled into thinking that the compara- 
tively recent “transformation of the foot of a gorilla into that of a man” is one of 
easy and actual accomplishment.” 
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After some brief criticism of two of the contentions found in this 
detailed work by other authors, Wood Jones concludes with the 
warning that one should not lose sight of ‘‘two very simple facts: (1) 
the extremely early ontogenetic human acquirement of definitely 
human pedal characters and (2) the vast difference in kind between the 
best human big toe movements and those habitual in the Anthropoid 
apes.” The second claim will be discussed at the end of this chapter. 
In regard to the first assertion it should be merely pointed out here that, 


Gorilla gorilla Gorilla beringe! 


PAL A2 PAL7 


y 


Fie. 20. Dorsau View OF THE Foot SKELETONS OF A GORILLA GORILLA, A GORILLA 
BERINGEI, AND A NEGRO, ALL REDUCED TO THE SAME ToTaL Foor Lenetu (DRAWN 
WITH DIOPTROGRAPH FROM LIGAMENTOUS PREPARATIONS). The letters in the drawing 
on the left are explained in the discussion of the measuring technique. 
in view of the known facts, it constitutes an untenable statement. 
Lazarus (1896), Volkov (1903/04), Straus (1927), and the author 1923, 
1924, 1925, and 1926) have clearly demonstrated very marked and 
significant ontogenetic changes in the skeleton and in the outer form of 
the human foot. It has been shown, for instance, that the human 
embryo possesses a very short tarsus, relatively long phalanges, and 
a divergent and proportionately short great toe, and that the 
middle toe can be the longest of the digits in early stages of human 
development. None of these embryonic conditions could possibly be 
interpreted as ‘‘definitely human characters,” not only because they 
differ very much from the adult conditions of the human foot but also 
because they are strikingly similar to the embryonic characters of the 
feet of other primates (see e. g. Schultz, 1924; Growth Studies on 
Primates, fig. 9). 
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this Before the new data appertaining to the skeleton of the foot of man 
the and apes can be discussed, it is necessary to state briefly the methods 
: (1) by which these data were obtained. Figure 20 shows the measure- 
itely ments in semi-diagrammatic form. All measurements were taken on 
1 the (wherever possible left) foot skeletons in which the tarsus had not yet 
poid been disarticulated. 
pter. 1. Tarsus length = greatest distance between tuber calcanei and middle of joint 
that, on cuneiforme III for metatarsale III (E - F). 


to 


. Metatarsus III length = greatest length of the middle metatarsal bone from 
the center of the proximal joint surface (F -@). 

3. Basal phalanx III length; 4. Middle phalanx ITI length; 5. Terminal phalanx 

III length = greatest lengths through central axis of bones. 



































6. Phalanges III length = sum of measurements Nos. 3, 4, and 5 (G- H). 
7. Ray III length = sum of measurements Nos. 2 and 6 (F - H). 
8. Total foot length = sum of measurements Nos. 1 and 7 (E- H). 
9. Metatarsus I length = greatest length through central axis of the first meta- 
tarsal bone (J - K). 
Cr 10. Phalanges I lengths = greatest length of the two hallucial phalanges through 
central axis (K - L). 
11. Ray I length = sum of measurements 9 and 10 (J -L). 
TABLE 31 
Average Proportions of the Skeleton of the Foot of the Primates Listed in Table XXI 
and of a Negro Fetus of ihe 10th Week 
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m of Alouatta seniculus...... } 1 | 29.2 | 30.3 | 40.5 | 56.3 | 91.4 
man Pithecus rhesus.......... | 1 | 82.0 | 32.8 | 35.2 | 51.7 | 73.1 
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‘the Gorilla beringei.......... 6 | 40.7 26.4 32.9 | 72.9 93.1 
3-on Homo (Negro & White).... 10 | 49.2 29.6 21.2 | 97.2 93.1 
Homo (fetus, 10th w.). | 1 37.0 30.0 33.0 73.0 
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The proportions between these measurements are given in tables 
XXI, 31, 32, and 33. The first three indices in table 31 show the 
percentage participation of the three main portions of the foot skeleton 
in the composition of the total length of the foot. The middle portion, 
or metatarsus III, is much more uniform among primates than the 
proximal and distal portions, constituting in general approximately 30 
per cent of the foot length. The latter percentage also remains practi- 
cally unchanged during growth (Straus, 1927 and table 31). The 
relative length of the tarsus varies in the proximity of 30 among the 
lower primates. The gibbons, siamangs, and most of all the orang- 
utan are characterized by a tarsus proportionately even shorter than in 
most monkeys. The relative tarsus length of chimpanzee is larger than 
in the previously mentioned primates but considerably shorter than in 
gorilla. The latter approaches man, who has the longest tarsus among 
all primates, namely one which forms nearly half of the total foot 
length. This extreme length of the human tarsus develops only 
gradually in the course of growth. Small human fetuses still possess a 
relative tarsus length of only 37, a value which stands very much closer 
to that of adult chimpanzee (35.3) than to that of adult man (49.2) 
(see also Straus, 1927, table 20). The same is true in regard to the 
relative length of the phalanges, which amounts to 35.7 in chimpanzee, 
to 33.0 in the human fetus, and to only 21.2 in adult man. The last 
percentage represents the minimum of all primates, 7. e., man has 
extremely short phalanges as compared with apes and monkeys but 
proportionately still very much longer ones in early stages of human 
development. 

The fourth index in table 31 shows the relation in length between 
the first and the third ray. The extremes of this proportion are 
found in orang-utan and in man, the former having the relatively 
shortest, the latter the relatively longest hallux. Again it can be 
demonstrated that the human distinction is not yet present in early 
stages of growth. This index amounting to only 73 in a human fetus 
of the 10th week (see also Straus, 1927, table 24), a value which equals 
that in adult Gorilla beringei (72.9). In adult man this index can rise 
to as much as 108.1. It is interesting to find in table X XI that the 
ranges of variation in this proportion do not overlap in the two gorilla 
species and that, consequently, the average for the mountain gorilla 
is considerably larger than that for the lowland gorilla. This alone 
causes the great toe to reach farther distally in the former than in the 
latter, but it becomes accentuated by the fact that the cuneiforme I 
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also extends farther distally in Gorilla beringet than in Gorilla gorilla. 
If the projective distance between the most distal points on the cunei- 
form bones I and II is expressed in percentage of the total foot length, 
this distance is found to be relatively much greater in the mountain 
gorilla (5.0%) and man (6.4%) than in the lowland gorilla (1.3%) or 
in the chimpanzee (1-2%). This difference is seen at once in the 
exact drawings of figure 20. 

From the data in the last column of table 31, the proportions 
between the length of the phalanges and that of the metatarsus of the 
hallux is seen to be the same in man, mountain gorilla, and chimpanzee. 
This finding is significant, because it proves that the unusual length of 
the great toe in man can not be due to an extraordinary length of 
either the metatarsus or the phalanges. Schwalbe (1916) has already 
shown that the proportion in length between the first and the second 
metatarsus is very similar in man and chimpanzee. This leaves only 
the length of the phalanges of the lateral toes to account for the marked 
difference between man and apes in regard to the relative length of 


TABLE 32 


Averages of the Lengths of Metatarsus III, Phalanges III, and Ray I Expressed in 
Percentage of the Length of the Tarsus in the Higher Primates Listed in Table 
XXI and in the Same Negro Fetus as Used in Table 31 


| METATARSUS | PHALANGES 
| | RAY I L. 





| SPECI-| Ill L. Ill L. 
| | 
MENS | 

| IN PERCENTAGE OF TARSUS LENGTH 


PRIMATE 











Pongo pygmacus.............. 5 | 17.2 | 165.6 | 100.2 
Penne 2.5 Sa 8 | 82.3 | 100.7 | 122.0 
GIG hans cae cc ces 9 70.0 83.5 | 99.4 
Gorilla beringei............... 6 | 65.3 | 81.3 | 106.6 
Homo (Negro & White) 10 | 60.3 43.1 | 100.3 
Homo (fetus, 10th w.)... 3 81.0 89.0 124.0 





the hallux. In table 31 the length of the phalanges of the middle toe 
was compared with the total foot length and this proportion was 
found to be much smaller in man than in the apes and smaller in adults 
than in fetuses of man. Table 32 shows the proportion between the 
length of the phalanges III and the length of the tarsus. This index 
is also very much lower in adult man than in the apes and decreases 
in man ontogenetically from 89 to 43. The value in the human fetus 
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is even higher than that in the adult gorilla. It is also especially 
noteworthy that in regard to this proportion man is approached more 
closely by the gorilla than by the other large apes. 

When the length of the hallux is compared, not with the length of 
one of the other digits, as in table 31, but with the length of the tarsus, 
as in table 32, it is found that man does not differ essentially from the 
anthropoid apes in regard to the length of his great toe. 

These data suffice to support the conclusion that the great toe 
has not become lengthened in the course of man’s evolution but 
that the phalangeal portions of the lateral toes of man have become 





V puatanecs LATERAL DIGITS OF 
RIGHT FOOT OF GORILLA 
BERINGEI, PA.L.7 


Fic. 21. Lert Figure: Toe PHALANGEs II To V or tHe YounG FeMaLe Movun- 
TAIN GORILLA ‘‘ConGco” In THEIR NATURAL POSITION WITHIN THE Foot (SHOWN BY 
OUTLINES), RECONSTRUCTED FROM DETAILED AND CAREFUL MEASUREMENTS ON THE 
FRESH AND ONLY PARTLY SKINNED Foot. Muipp.e Figure: PLANTAR VIEW OF THE 
LATERAL Diaeirs AND DisTaL PORTION OF THE SOLE OF THE SAME GORILLA Foor. 
When the specimen was received the skin had been turned inside out, like a glove, 
as far as the cut shown in the figure. Rieur Figure: Dorsat VIEW OF THE SAME 
PoRTION OF THE Foot As SHOWN IN THE MIDDLE FIGURE. 


very much shortened phylogenetically as they decrease in relative 
length during human ontogeny. Thus the writer agrees completely 
with the statements by Schwalbe (1916), Virchow (1917), Weidenreich 
(1921), and others that the foot skeleton of man differs from that of 
anthropoid apes chiefly in regard to the length of the phalangeal 
portions of the second te fifth toes and comparatively little in regard 
to the first toe. It should also be pointed out here that, according to 
the various indices, the shortening of the lateral digits in man, as 
compared with gorilla, is no greater than the lengthening of these 
digits in orang-utan, as compared with gorilla. The latter lengthening 
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represents undoubtedly an adaptation to the extreme arboreal life of 
orang-utan, just as the former shortening must have occurred in 
response to the extreme terrestrial life of man which removed the need 
for long grasping toes. The latter need persists in adult gorilla, 
although he has become largely a terrestial animal. The foot of the 
mountain gorilla retained fairly long phalanges but they are tied 
together by the soft parts so that the lateral digits can be flexed only 
asaunit. This is clearly shown in figure 21 on the example of a young 
female Gorilla beringet. In this specimen the toes II, III, and IV are 
joined by webs which extend beyond the base of the nails, a degree of 
webbing which far surpasses that of other primates. What amounts 
to the sole of the foot reaches all the way to the distal ends of the 
middle phalanges, leaving the metatarso-phalangeal joints far proxi- 
mally to this distal end of the planta. In these conditions, which are 
somewhat more extreme in the specimen of figure 21 than in three other 
mountain gorillas seen by the author,* Gorilla beringei differs markedly 
from the chimpanzee and orang-utan, in which the sole reaches not 
farther than the middle of the basal phalanges and in which the toes 
are not united by webbing. The mountain gorilla differs even from 
the lowland gorilla, inasmuch as the sole of the latter extends only to 
the distal end of the basal phalanges or, occasionally, not quite so far. 
From these notes it is seen that in one ape, the mountain gorilla, the 
outer toes II to V are proportionately as short as in man, and even more 
closely united, but the skeletal toes of even this ape are very much 
longer than in man, which means that the digits and sole can be flexed 
much more effectively in the former than in the latter. 

It remains to answer the question whether the extreme phylogenetic 
shortening of the lateral toes in man affected the three types of pha- 
langes in the same or in differing degrees. The comparative data in 
table 33 provide the solution of this problem. The relative length of 
the basal phalanx is fairly constant in all primates and the value for 
man lies within the range of the average values for the large apes. The 
relative length of the terminal phalanx is practically the same in man 
and mountain gorilla; this phalanx could hardly have been expected to 
bear the brunt of the shortening process since it supports the nail of the 
toe. The relative length of the middle phalanx, however, is much 
shorter in man than in any other primate, a fact which is strikingly 


6 A photograph of the feet of an older fetus of Gorilla beringei, kindly sent to 
the writer by Prof. I. Broman, shows that in this specimen the lateral toes are as 
much united as in the author’s gorilla P. A. L. 7. 
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TABLE 33 


The Length of the Phalanges of the Middle Toe in Percentage of the Total Length of 
These Phalanges in the Primates Listed in Table X XI 





BASAL | MIDDLE | TERMINAL 
| 








| 
| | 
PRIMATE sas Phalanx III 

ee * | in percentage of total length of 

all phalanges III 
Cebus capucinus..................5. | 1 | 46.8 31.9 | 21.3 
Alouatta seniculus aa | 51.5 30.9 | 17.6 
I cds one ncae an ay 1 51.1 ae 
Pygathriz germaini............... | 1 | 47.0 33.3 | 19.7 
Lasiopyga pygerythra................ ne 51.0 33.3 | 18.7 
Colobus abyssinicus................. : 1 | 49.2 | 33.3 | 17.5 
IN nian ne ewan aes | 10 | 50.4 32.5 | 17.1 
EE Ce ere mee | 5 53.1 32.2 14.6 
Re ce pe te a | 2 52.3 29.9 17.8 
Gorilla gorilla. jake ees 04 =. 49.1 31.0 19.9 
Gorilla beringei.....................| 6 49.1 | 27.8 | 23.0 
Homo (Negro & White)..............| 10 52.8 23.9 | 23.3 








illustrated by the examples in figure 20. It can be stated, therefore, 
that the evolutionary reduction in length of the lateral digits of man 
affected the middle phalanges more than the basal or terminal phal- 
anges. This is most likely connected with the fact that in man the 
middle phalanges are very frequently mere vestiges and fused with the 
terminal phalanges. Such fusions are very common in the fifth toe (80 
per cent of Japanese), but occur in all the toes II to V and even in fetal 
stages of growth (for further details see e. g. Wiedersheim, 1908, and 
Martin, 1928). No such fusion was found by the author in any of the 
numerous foot skeletons of monkeys and apes examined by him, nor 
could he discover in the literature any report on such an occurrence in a 
primate besides man. Attention should also here be called to a fact 
which may be of some particular significance in this connection, namely 
that hereditary brachyphalangy in the human foot affects usually the 
middle phalanges. This was the case, for instance, in the Norwegian 
family (including 6 generations) studied by Mohr and Wriedt (1919). 
After a thorough review of the literature these authors conclude that: “‘In 
hereditary cases of brachyphalangy, as well as in brachyphalangy due 








O we © © Werte o_o oF 


RS & © © SBS @ © 6 


moO ct 


Cc 


“I 


Omer w@ ODS ct 





The Skeleton of the Trunk and Limbs of Higher Primates 391 


to embryological disturbances, the second row of phalanges seems to be 
most often and most severely affected.” 

The last part of this chapter contributes some facts toward the 
solution of the important problem of man’s joint between the hallux 
and the first cuneiform bone, a problem which has been more frequently 
discussed than investigated. Ever since Leboucq (1882) claimed that 
even in the human embryo this joint is perfectly flat and not convex as 
in other primates, his statement has been fully quoted or belittled in 
the many arguments for or against the theory that the great toe of man 
evolved from an opposable and abduced type of toe. Miller (1920), 
for instance, concludes from the paper by Leboucegq that “the fact that 
the basal joint of the human hallux appears to be free from gorilloid 
taint at every stage of its development is one whose possible phylo- 
genetic significance cannot be ignored.” On the other hand, Morton 
(1922), for instance, states that “‘in the absence of any means of deter- 
mining accurately the proper interpretation of the embryological 
picture, the findings of Leboucq have no value in disproving the possi- 
bility of derivation of the human cuneiform from one of gorilloid type.” 
The following comment by Hooton (1930) may be the simplest solution 
of this controversy: ‘‘the absence in the human foetus of a convex 
cuneiform joint for the first metatarsal does not trouble me in the least. 
Recapitulation is a coarse-meshed sieve, which retains only a few 
obvious ancestral features.” 

The facts reported in the literature concerning this joint are 
collected in the following notes. In monkeys and apes the joint surface 
on the first cuneiform bone is convex and the corresponding joint 
surface on the base of the hallux is concave, thus permitting the move- 
ments of the great toe to and from the second toe (see fig. 22, drawing 
on the left). In man these joint surfaces are commonly assumed to be 
entirely flat, preventing thereby any movement of the first metatarsal. 
According to Leboucq (1822) they are already flat in human embryos 
21 mm. long (according to the writer’s experience there are many 
technical difficulties as well as uncertainties in the determination of the 
exact shape of the minute and comparatively soft joint of such a small 
specimen). Straus (1927), who investigated the foot skeletons of a 
considerable number of human fetuses, reports that: “‘In the youngest 
stages this joint surface is, as a rule, not saddle-shaped as in adult 
great apes, but is quite like the adult human, being nearly flat.” “ .. 
the author has observed several later human fetuses possessing a 
definite simian rounding of the distal joint surface of the entocuneiform. 
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One entocuneiform of a fetus of the seventh month exhibited a saddle- 
shaped facet for metatarsus I. To all appearances, therefore, this 
condition can, although only occasionally, appear in man.” 
There exist several reports that in adult man this joint on the first 
cuneiform bone is not always flat but can be quite convex in a trans- 
verse direction. Lucae (1864-65) found the radius for the curve of 
this convexity to be 36 mm. long in the white and 27 mm. in the 
Japanese. According to Aeby (1878) this same radius varies even only 
between 12.5 and 27 mm. in adult whites and amounts to 8 mm. in an 
adult lowland gorilla. Supported by these data Aeby states emphatic- 
ally that the distal joint surface on the first cuneiform bone of man is 
always convex and, therefore, does not differ fundamentally from the 
same condition in apes. Virchow (1919) mentions this convexity in 
his careful description of the feet of various colored races and measured 
the depth of the corresponding concavity in the proximal joint of the 
first metatarsal bone. This depth varied between 1.3 and 4.0 mm. and 
was in several human feet greater than in some anthropoid apes, among 
which it ranges according to the same author between 2.8 and 5.0 mm. 

The most important link missing in the chain of evidence provided 
by these data is accurate information in regard to the degrees of con- 
vexity of this joint in the different apes. To supply such data the 
author has carefully drawn and measured the joint on the cuneiform 
bones of a series of higher primates. As shown by figure 22, the repre- 
sentative section (A - B) of the joint for the hallux was drawn perpen- 
dicular to the longitudinal axis of the joint, 7. e., roughly paraliel to the 
plantar surface of the foot, and always opposite the middle of the joint 
which the first cuneiform bone forms with the second one, as well as 
with the second metatarsal bone. The terminal points (C and D) of 
the latter joint were also marked on the section to determine thereby 
a guide line which was found to have always practically the same 
direction as the morphological axis of the foot. It seemed desirable 
to study not only the curvature of the joint for the hallux but also the 
direction of this joint, because the amount of abduction of the great 
toe is dependent as much upon the direction as upon the convexity of 





Fie. 22. TRAcING OF THE X-RAY PHOTOGRAPH OF THE SKINNED Foor OF AN ADULT 
FEMALE MouNTAIN GORILLA, SHOWING THE LOCATION OF THE SECTION THROUGH THE 
JOINT FOR THE HALLUX ON THE CUNEIFORME I. The enlarged figures of the first cunei- 
form bone in the upper left corner show the exact position of the sections which were 
drawn with Martin's diagraph. The figures on the right are accurate copies of these 
sections through the first cuneiform bones of various higher primates. The two draw- 
ings at the top of this figure are longitudinal sections through the first metatarsal bones 
of gorilla and man, drawn also with the diagraph and this in the plane determined by 
the points A and B. 
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One entocuneiform of a fetus of the seventh month exhibited a saddle- 
shaped facet for metatarsus I. To all appearances, therefore, this 
condition can, although only occasionally, appear in man.” 
There exist several reports that in adult man this joint on the first 
cuneiform bone is not always flat but can be quite convex in a trans- 
verse direction. Lucae (1864-65) found the radius for the curve of 
this convexity to be 36 mm. long in the white and 27 mm. in the 
Japanese. According to Aeby (1878) this same radius varies even only 
between 12.5 and 27 mm. in adult whites and amounts to 8 mm. in an 
adult lowland gorilla. Supported by these data Aeby states emphatic- 
ally that the distal joint surface on the first cuneiform bone of man is 
always convex and, therefore, does not differ fundamentally from the 
same condition in apes. Virchow (1919) mentions this convexity in 
his careful description of the feet of various colored races and measured 
the depth of the corresponding concavity in the proximal joint of the 
first metatarsal bone. This depth varied between 1.3 and 4.0 mm. and 
was in several human feet greater than in some anthropoid apes, among 
which it ranges according to the same author between 2.8 and 5.0 mm. 

The most important link missing in the chain of evidence provided 
by these data is accurate information in regard to the degrees of con- 
vexity of this joint in the different apes. To supply such data the 
author has carefully drawn and measured the joint on the cuneiform 
bones of a series of higher primates. As shown by figure 22, the repre- 
sentative section (A - B) of the joint for the hallux was drawn perpen- 
dicular to the longitudinal axis of the joint, 7. e., roughly paraliel to the 
plantar surface of the foot, and always opposite the middle of the joint 
which the first cuneiform bone forms with the second one, as well as 
with the second metatarsal bone. The terminal points (C and D) of 
the latter joint were also marked on the section to determine thereby 
a guide line which was found to have always practically the same 
direction as the morphological axis of the foot. It seemed desirable 
to study not only the curvature of the joint for the hallux but also the 
direction of this joint, because the amount of abduction of the great 
toe is dependent as much upon the direction as upon the convexity of 





Fic. 22. TRacine or THE X-RAY PHOTOGRAPH OF THE SKINNED Foot OF AN ADULT 
FEMALE MounTvAIN GORILLA, SHOWING THE LOCATION OF THE SECTION THROUGH THE 
JOINT FOR THE HALLUX ON THE CUNEIFORMEI. The enlarged figures of the first cunei- 
form bone in the upper left corner show the exact position of the sections which were 
drawn with Martin’s diagraph. The figures on the right are accurate copies of these 
sections through the first cuneiform bones of various higher primates. The two draw- 
ings at the top of this figure are longitudinal sections through the first metatarsal bones 
of gorilla and man, drawn also with the diagraph and this in the plane determined by 
the points A and B. 
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the joint. This direction was measured (on the drawing) by the angle 
(B-E-D) between the distal prolongation of the base of the joint 
curvature (A - B) and the morphological foot axis, as determined by 
the points C and D. The actual shape and direction of the joint ina 
number of higher primates is shown in figure 22 and the measured 
values for these conditions are listed in table 34. The degree of con- 


TABLE 34 


The Curvature and the Direction of the Joint Surface (for the Hallux) on the First 
Cuneiform Bone in Some Adult Higher Primates 





j RELATIVE 


| HEIGHT OF | ANGLE B-E-D 
PRIMATE | COLLECTION | 
JOINT | (DEGREES) 
| CURVATURE | 


Pongo pygmaeus. . 29 


Pan spec.?.. . xe wav) es Ge ee | 50. 
PEO. a ee 520 A CAS 44. 


Gorilla gorilla...............|P. ALL. a: 
Gorilla gorilla....... | RAD 37 
: 36 

30 

21 

Gorilla beringei _.| Nat. M. 239883 | 21 
Homo (Negro). |'P. A. L. 17 
BE I wn ce ech es ae 15. 
Home (ego)..............)R Ak. 11. 





6 
0 
4 
6 

0 

0 

4 

4 

4 
7 
3 
1 





vexity is expressed by the percentage relation between the greatest 
height of the joint curve and the length of the curve base (A —B). 
In the orang-utan the joint is not very convex, but it is directed nearly 
parallel to the foot axis, which indicates that the great toe of this ape 
can be abduced and adduced only within comparatively narrow limits, 
and that it points most commonly perpendicularly away from the 
second toe. All this is in perfect agreement with the well-known 
rudimentary nature of the hallux in orang-utan. In chimpanzee the 
joint is directed slightly more forward than in orang-utan and it is very 
much more convex than in the latter or in any other higher primate. 
Indeed, in one of the two cases studied the curve forms a complete semi- 
circle (relative height = 50). In the lowland gorilla the joint is less 
convex than in chimpanzee and the angle representing its direction is 
larger. In the two specimens of Gorilla beringei listed in table 34, the 
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degree of convexity approaches that in some human beings more closely 
than that in Gorilla gorilla, a fact seen also in figure 22. The joint is 
furthermore directed more forward and less sidewise in the mountain 
gorilla than in the other apes. In the first three foot skeletons of adult 
male negroes, picked at random from a box containing many more, the 
relative height of the joint curvature ranges from 11.1 to 17.7, 7. e., very 
close to the value of 21.4 in the mountain gorilla. The angle between 
the joint base and the foot axis varies in these human skeletons between 
50° and 56°. This is very significant not only because the minimum 
in man (50°) differs less from the maximum (39°) in an ape than the 
latter differs from the minimum (13°) in another ape, but also because 
even 56° in man is far from an angle of 90°, which would represent the 
mechanically ideal direction for this joint in man. Since the first and 
second metatarsi of man are practically parallel to each other, and 
since the tarsal joint for the latter stands perpendicular to the foot 
axis, one should expect the tarsal joint of the former to have a similar 
direction. Instead, it is found to point almost as much to the side as 
forward. This particular direction of the tarsal joint surface would 
cause the human hallux to maintain a position of marked abduction 
were it not for the fact that a compensation has taken place in the 
basal joint of the first metatarsal which has become bent in a direction 
opposite to that in apes (see fig. 22, longitudinal sections of first 
metatarsals). 

These data amply support the conclusion that the exact formation 
of the joint between the hallux and the first cuneiform bone differs 
between man and ape only in degree but not in principle. Man differs 
in this respect least from the mountain gorilla. The fact that in man 
this joint still points so much to the side and that it can still be con- 
siderably curved, is explained only by the assumption that the human 
great toe was movable and was habitually held abduced in earlier 
stages of its evolution. The loss of metatarsal movability and the 
nearly complete adduction of the human great toe have altered the 
joint at its base relatively little from the condition in a primate 
foot with a movable hallux, such as in Gorilla beringei. What altera- 
tion did take place in man was clearly a compromise, dictated by 
inherited conditions and has not yet resulted in mechanically perfect 
arrangements. 

SUMMARY AND CONCLUSIONS 


This study of the skeleton of the trunk and limbs of primates, 
though incomplete in many respects, permits the generalized conclusion 





| mouieu Al0A 

peoiq | pvoig 93mb| pwoiq AOA | MOLIBU AIBA MO1I8U Ao ° meeo; jourdevsdng 
99-489" ° "|" ‘9l-0L'° °° . ec: . ‘SBI-O1T** "|" eee . . ‘xepur seindvog 
ede u 

peoiq AI0A | pvoiq 40} MOLIGU pvoig A10A mouva | Ajyensn slail ‘adpys jDsgua_) : VINA VOS 


queq pus ~@aAmno | peAino 
pedeys-g [eruo0l08 pedeys-g qq21e148 o[zure Ajpenen , Sy «4 aINZBAING 
ssouyorg} ssouyorg} org? 
uintpeur qorgy ulntpeu Jopuoys sJopuels Ajarej 


Bu0l q33u9] q33u9] #z1048 
Apayeieduios | winipeuw win(pour #3u0] Alaa | q104q8 Ajyensn ***q93ue’'] :a@1O1AVIO 


eso yong, 








A[osvi Ayjuenbesy Ajores ue4zjo oeny | 


osny oeny Aiea ooNy S| WIN LQnavUI fazviudos 
syusoW Zoe syusWUIZ08 sjucuszes | puw sndioo eju0WZe8 
#pBoig A10A pvoiq # moliU 
pus pus pus pus 
Buo] Ajs1B} qa0qs | soqs A9a | #Bu0] soa end40) 


sede ul uvy} pvoiq ‘epvosq A104 #moliea 
pvoig ssa] e818} |  @B18] jeue Me wniaqnupy :WONUGLS 


o'ee ' +808 oze | #85 | 
— | 9BIGO}IVA JO 49QUNU 1D}0] OBBIOAY 
oP Te : 8°% #l'Z% [ses 
[[¥40u03 *** @BIgezJ0A ([89BA0000) 7Opnvs jo JoquINU sABIOAY 











> 
$ 
$ 
na) 
= 
S 
= 
= 





9AB0000 @ABIT09 @ABou00 9ABoum0d @aBou00 
fjowenxe AOA Ayqarys A[peyqsvur Ayqsye | ¢9qsre4e *** (9uvid [e4qISesprul UI) UINJOBS Jo GORING [BIQUeA 


*pvoiq #1048 
Ajeurel4xo peoiqg Alaa pvoiq peoiq nq pwoig leah abouts eis eh hae: ‘**muensone jo odeyg 
ae. eae ee See gies | Melo we he : *** @BIG9FIOA PD49D8 JO Jaquinu sdBI0AYy 














‘ Zs re e8ei2Ay ¢NAOTOO 
Te 9 ee eee A ey he 





| ONVAVIS | S@LVYNIUd 
VTIINOD G@aZNVdKIHO NVLO-ONVHO | HGLOVUVHO IVLATAIS 
| | aNv NOAIO | uaMot 





+ fq uomnpuoy pezypwedy hyybry yo yy ay) ‘f fq poysnyy 8] wornpuod 
aayIumitid WOW 94, ‘“aaynjuay Njpasapy 8] aqQDT sty fo uwnjoy 78419 9Yy) PDP Ut pelpNIg useg JON ADE] sopDWtsg s0n07T 
ut suoInpUoD 94) 92uUIGy “Apnigy juase1g oy} Ut punoyg sD ‘saynwisg fo sasnwwag pojapyg eBvsseay oy) fo haaung pezypsauey y 


ce ATAVL 





' 
for) 
oD 
A) 
to 
E 
— 
A, 
= 
L 
— 
ty 
se 
> 
7) 
a 
= 
‘= 
| 
sS 
£ 
S 
ind 
= 
3 
on 
w 
© 
— 
~~ 
> 
i~d 
= 
ss 
Si) 
4 
QD 
ie) 
= 
i 





#X9AU00 


*Z6I-€L1° 


8ZI-O01l” 


*0L 
A[Luepuooes 





xeAUO090 
Apaqaqys 
03 x@Au00 


“OTT: 
““LIT-@Il” 





X9AU00 AJOA 





x9Au00 


419A You x9AU00 


#08 Al0A 











‘*80Z-PLT° 
‘*«8hI-821° 


egg 
reste 





#xeau00 


Aljeis9ue3 


"#86 ghoges * 





2 





XNI[[VYy 103 gurof pesiwy, 


qy8u9} Lyoom 
atien THT ofusreg 


oor X _4qsue] 4007 


:Lood 
q78ue] snes onesie y, 


; __Iit 48 
00 X (quny3) | Avy 
** yp0ue7 anied OAIB[OY :aNVH 


44310 | yunsy, 
BIQLL + anuwe,7 
942g Fansy 
snipey + sniowny 
BILL + anuieg 
snipey + sniouny 
nh Mae y 

001 X eign 
snsouIn FT 

On X as 


oie OF 
*'00T X 


OO X 


‘SaNII 40 
SaNOd DNOT 








peoiq 
49318] AloA 


@AB0U09 
AIOA 


MOIGU 
APAYBIBdUI09 


#pBoig Ai0A 
«}40y8 AIOA 


usu 43 


aA 8009 
Kjauiaayxe 


*pBoiq 
A|eules}xe 


psoig Alaa 
Zuo] 


 poreduioo se MolIsU pus Buo] ‘pews Ajeareseduio0o 


e@AB0U090 
Apgar 
ueqn-Zuel0 UI 
uvy} JomolmeU 
pvoiq 
Zuo] 





#peoiq 
Ajoulel3xo 
eozuvduliyy) ut 
uByy Jesu0] 


9AB0U00 


peoiq 





pwoig Ai0A 
«3U0] AoA 


@avouo0o 
Apuonnas j 


Ppvolg 94imb 





peoiq 
Zuo] 


24318148 
40 x9Au0o 





DwVola AIGA 


| mOTIerm LSA 


@AB0T00 9ABOTOD 


> 
peoiq 


pBoiq 
- AIOA 


pvoiq 
sozuvduiyy ut 
uBy} JepBoiq 
Zuo] 


psoiq 


JeZu0| 
Ayqays 


MO118U 
404481 
Buo| 


qysres48 
40 X@AU090 x9AU090 


*""9S-PP" 


|MOlIBU AIOA 





art feere 


#xoau00 


| 
| 
| 
| 
| 
| 


#MO1IBU AIOA | 


#moiieu 


#mosIeU 


#q40q8 


#xoAuoo 
**001-#e¢" 
pvoiq 

04 MOJIBU 
“""OF-FLT° 





| MOlIeU AIOA 


| pn ney 





aIDfangs pDsIDY 
BOBI[I BSSOJ JO GINGBAINO OFIOASUBIT 


‘popup vseoy 


apis WNIT! [890], 


“***qqgdue] wnty :SIATad 


uomMmoswy 
49psog 10499749 A 
xepul [euldewsjuy 


pesos jouridevsfuy 
xopul [vurdevidng 








398 Human Biology 


that in regard to these structures the higher primates as a group are 
clearly separated from the other and decidedly more primitive primates. 
The Hylobatidae occupy in many features an intermediate position, 
but in general they are much more closely allied with the anthropoid 
apes than with the other catarrhines. As far as these skeletal struc- 
tures are concerned, there can also be no doubt that the three large 
apes represent one natural group, standing approximately midway 
between the gibbons and man. Within this group the two African 
apes resemble each other more closely than either resembles the 
orang-utan. 

Table 35 gives a systematic and very condensed survey of the more 
important results of this paper. A study of this table reveals the fact 
that each higher primate has some skeletal features which are more 
highly specialized than in any other primate, but there exists not one 
primate of which it can be said that its entire skeleton is the most 
specialized one. By counting the number of asterisks in the various 
columns of table 35, it is found that the gibbon and siamang possess 7 
features which have evolved to a greater extreme than in any other 
primate, that orang-utan possesses 10, chimpanzee only 1, gorilla 7, 
and man 14. This means, for instance, that 14 skeletal characters are 
farther removed from the common ancestral condition in man than in 
apes, but in 23 other characters one or another ape has become more 
highly specialized than man. Naturally, these figures can convey only 
an approximate idea of the general relative degrees of specialization in 
the various primates and do not show the direction of such specializa- 
tion. In many instances these evolutionary differentiations have 
proceeded in opposite directions in various types of primates, so that 
two quite different forms may be equally far removed from the original 
ancestral condition. A clear example of this exists in the phalanges 
of the second to fifth toes, which have become greatly lengthened in 
orang-utan and extremely shortened in man. 

As shown most conveniently by table 35, man’s skeletal peculiar- 
ities exist chiefly in the pelvis (including the unique position of the 
pelvis), in the proportions of the long bones of the lower extremity, and 
in the foot. Most of the conditions studied in the spine, the sternum, 
the shoulder girdle, and the upper extremity have evolved into greater 
extremes in one or another of the apes than in man. The outstanding 
characteristics of orang-utan are the unparalleled reductions in the 
number of vertebrae and in the lengths of the first digits of hand and 
foot. The Hylobatidae surpass all other primates especially in regard to 
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the extreme shortening of the coccyx and of the corpus sterni, and in 
regard to the extreme lengthening of the upper limb, particularly the 
forearm. The greatest gap between the Hylobatidae and the lower 
primates exists in the conditions of the spinal column, the sternum, the 
pelvis, and the long bones of the upper limb, all of which are much more 


TABLE 36 


Average Condition of Skeletal Characters Differing in Hylobates and Sympha- 
langus Syndactylus and the Relative Position of Symphalangus Klossi (Only Two 
Specimens) According to the Same Characters. The Most Highly Specialized Con- 
dition Is Marked with *. 
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SYMPHA- SYMPHA- 
DISTINGUISHING SKELETAL CHARACTER | HYLOBATES| LANGUS LANGUS 
KLOSSI | SYNDACTYLUS 
Average number of lumbar vertebrae.... . | 5.0 | 5.5 4.7° 
Average number of thoracolumbar verteb. | 17.9 18.5 17 .6* 
Average total number of vertebrae........ | 81.9 35.0 31.6* 
7 | 
: Manubrium length | ‘ 
Sternum: —“Thepes lanai x 100... | 52 60 82 
Manubrium breadth minute 
Corpus breadth ‘ 
“Corpus length SS | 39 | 44 53 
Scapula: Scapular index............... | 128 | 117 
ee ee re | 231 | 222 252* 
Ischium length 
Pubis length sie! 
Ischium length BE Bess dantes 95 95 112 
Ilium breadth . ° 
Ilium breadth | | 4.2 : 
Ischium length i] eae 118 | 126 156 
Limb bones: adius length, 199.......| 113 114* 111 
Humerus length 
| 
Tibia length bis — 
Femur length 9 ery | 89 89 86 
Humerus + Radius length . e 
———__—— ————— X 100....... 2s 2 148* 
Femur + Tibia length x 100 al ae “ 
Humerus + Radius length e 
—“ruak helsht xX 100.......) 177 | 183 208 
Comparative size of absolute measurements: . . | medium | small large* 
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highly developed in the former than in the latter. At a number of 
places in this paper it has been pointed out that a much greater differ- 
ence exists between the large siamang and any species of Hylobates 
than between any two of the latter. The characters showing such 
differences are collected in table 36, which also contains the conditions 
in the small siamang. This long list of features of the skeleton of 
trunk and limbs alone, including many items in which the two ranges 
of variations do not overlap, fully justifies the generic rather than 
specific separation between the large siamang and the gibbons. In 13 
characters the former is more highly specialized than the latter and in 
only one other character exists the reversed relation. There can be no 
doubt that Symphalangus syndactylus approaches the anthropoid apes, 
particularly the orang-utan, more closely than do the various species 
of Hylobates. The data in table 36 show that Symphalangus klossi 
stands in general decidedly nearer to the gibbons than to the large 
species of its own genus. For this reason it seems quite likely that S. 
klossi should really either be moved into the genus Hylobates, or else 
should constitute a new genus of its own. Since the author was able 
to examine only two skeletons of S. klossi (besides a few immature, 
preserved specimens) he can not insist on this proposed change in 
nomenclature. 

In a very careful study on extensive material Coolidge (1929) has 
shown that there exists a greater difference between the cranial features 
of the East- and the West-African gorillas than between those of any 
two local groups of the latter gorillas. In table 37 are listed those 
features of the skeleton, except the skull, which differ in these two 
types of gorilla and this to a greater extent than in any two races of 
lowland gorillas. This list contains a number of characters which 
distinguish the two types of gorilla in all the specimens studied without 
any individual exceptions. These differences between the gorillas are 
frequently as great as, and several times even greater than, the differ- 
ences between one of the forms of Gorilla and the genus Pan. For this 
reason the author can not fully agree with Coolidge, who considered the 
cranial differences as having merely subspecific significance and pro- 
posed to divide the genus Gorilla into only two subspecies: Gorilla 
gorilla gorilla and Gorilla gorilla beringei. Since so many skeletal 
differences between the two types of gorilla can be as large as the differ- 
ences between the two genera of the African apes, the author feels fully 
justified in giving the mountain gorilla and the lowland gorilla the rank 
of separate species. It may be added here that of the two, the moun- 
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TABLE 37 


Tentative List of Skeletal Characters Differing in Gorilla Gorilla and Gorilla 
Beringei. The Conditions of the Same Characters in Chimpanzee Are Added in 
Order to Provide an Approximate Scale for the Evaluation of the Differences between 
the Two Gorilla Species. 











DISTINGUISHING SKELETAL CHARACTER | pe es pa ae CHIMPANZEE 
— 
Average number of thoracic vertebrae........ 6 ae EE ure less ss » we... 
Average number of lumbar vertebrae........ : vain cea eee , 8:6: 5... 
Average number of thoracolumbar vertebrac. . out meee : 16.0.. : 16.8.. 
Average number of sacral vertebrae . : , re % eee : a 
Average total number of vertebrae. ee = = di: ar ha oe a j..--32.6.... 
Clavicle length 
Honserma Tessa * 100---- ~~ | Ee A SS ae Ue 
. (32.7-39.0) | (42.0-44.1) | (36.3-48. 3) 
Vertebral border of scapula. . ; . ‘ ...regular... ..irregular. i .regular 
Length of ilium: average....... . ; _.216 mm...|..239 mm.. -|- 174 mm. 
range of variations @ .. 191-204 mm.| 220-231 mm. 
llium length oi 216-238 mm.| 260-268 mm. 
Iechium length * !®------ pel eS le 
Fossa iliaca width | | 
1 ; : 7 
ee eee x Se... ee =e ie 305 
Length of humerus: average. 404 mm. .. 389 mm...|. .300 mm. 
ot a ee ....80.7....|....85.5....]....92.6 
Humerus length j | 
Humerus + Radius length F | 
Femur + Tibia length x 100. _ ) — 5 eee 
Ray I length . | ‘ 
Hand: .- x 100.. b of ee a ER 5 a 39.5 
Ray III length (42. 1-46. 4) | (48.0-52.0) | 
Foot: wet ts et 72.9....|....66.5 
y engt (60.0-68.8) | (68.8-77.5) | 
Relative height of tarsal joint for hallux... .. .30-42. : mm RA .... 44-50 
Angle of direction of this joint...... ah .. . 18-30°. .. -35-39°.. 15-24° 
Outer toes II, III, and IV.... ; b ih ... 8hort....)..extremely..|....long 
short | 





tain gorilla seems to be in general somewhat more highly specialized. 
In regard to a number of characters the latter approaches man more 
closely than does any other primate. Particularly the limb skeletons 
of mountain gorilla and of man show numerous striking similarities. 
All these results of taxonomic interest, together with their phylo- 
genetic implications, are diagrammatically illustrated by the pedigree 
in figure 23. It must be emphasized that this ‘‘family-tree” is based 
primarily upon the results of this paper, and that this particular 
arrangement of branching of the divergent phylogenetic lines renders 
the skeletal differences between recent primates most easily and most 
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consistently understandable. Practically the same pedigree was found 
most suitable for the interpretation of the author’s (1927) findings 
regarding the growth and body proportions of higher primates. This 
former paper contained also a general discussion of this pedigree. 
Additional and more detailed comment on the author’s views regarding 
the phylogeny of higher primates is best postponed until the results of 
certain other related studies have been published. 
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The skeletal parts discussed in the preceding chapters showed great 
differences in regard to the degree of uniformity they maintain in at 
least the higher primates. Whereas some structures seem to have 
remained practically untouched by the many divergent primate special- 
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izations, others have developed with differing intensity or direction in 
nearly every genus, and this frequently without our being able to 
discover any plausible reason for these differences. Thus it has been 
demonstrated that the number of vertebrae is among all primates very 
constant in the cervical region but highly variable in the caudal portion 
of thespine. The relative width of the supraspinal fossa of the scapula 
varies less widely among primates than does the relative width of the 
infraspinal fossa. The proportionate lengths of the pubis and of the 
ischium are far more uniform and conservative than the measurable 
features of the ilium of monkeys, apes, and man. Smaller differences 
exist between the various primates in regard to the proportion between 
tibia and femur than in regard to that between radius and humerus. 
The skeleton of the foot has been found to be much more plastic in the 
course of evolution than that of the hand. Within the foot, however, 
the metatarsi II to V maintain a surprisingly constant relative length, 
whereas the tarsus and the phalanges react readily to differing functions 
by changing their proportionate length with apparent ease. 

Different structures vary with widely differing intensity not only 
intergenerically but also intragenerically or, rather, intraspecifically, 
INDIVIDUAL variations having been found to be much more common in 
some bodily parts than in others. For instance, among higher pri- 
mates the number of coccygeal vertebrae varies individually and within 
one and the same species much more than the number of sacral verte- 
brae, but the latter varies more than the number of thoracolumbar 
vertebrae, which in turn is much less stable than the number of cervical 
vertebrae. The proportion between the clavicle and the humerus is 
individually much more constant than the various proportions apper- 
taining to the scapula, but the variability of the latter is surpassed by 
the indices of the sternum, especially the corpus sternt, which is one of 
the most variable bones in the body. 

In regard to the numerical variations of the vertebrae man is much 
more stable than the apes, siamangs, and gibbons, but equally or less 
stable than some of the lower primates. The variability of the propor- 
tions between the limb bones, on the other hand, is considerably higher 
in man than in the apes. Within each species every structure has its 
own characteristic tendency to deviate from the average condition, but 
different primates may be widely different in regard to the degree of 
variability in the same structure. 

This study has contributed still further data bearing on variability, 
namely the results concerning bilateral variations, or asymmetries. 
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Just as in the case of individual variations in the limb proportions, so 
are asymmetries in the limb bones more frequent and more pronounced 
in man than in the apes. Asymmetries favoring as a rule one partic- 
ular side are found more frequently in the upper than in the lower 
extremity and are more common in man than in the apes. In all 
primates the clavicle is more asymmetrical than the limb bones. 

All the skeletal structures of the trunk and limbs of higher primates 
can individually deviate from the “‘type”’ of the species with such 
frequency and intensity, that specimens of different species or even 
genera are often distinguishable only by the combination of variations 
in a number of structures. This at times very abundant supply of 
variations provides many possibilities for selective processes, leading to 
further evolutionary changes in the higher primates. 
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APPENDIX 
TABLES OF BASIC DATA 


TABLE I 


The Number of Vertebrae in the Precaudal Regions of the Spine in the Platyrrhine 
Genus ALOUATTA. All Specimens Had 7 Cervical Vertebrae 








OBSERVED BY | THORAC. 


| sone 'rnon,| SA- 
| BAR | L. | CRAL 





A. Hopk. C 34B | 


Nat. M. 49795 | 
Nat. M. 113435 | 
Flower, 1862 
| Flower, 1884 
| Schultz 


Nat. M. 49329 
Nat. M. 49330 
Nat. M. 236915 | 
| Ranke, 1897 
| Ranke, 1897 








“cc 


Todd, 1922 
Flower, 1862 
Ranke, 1897 
Ranke, 1897 
Schultz 


sé 


cc 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
13 
14 
14 
14 
14 
13 
14 
13 
13 
15 
15 
15 
14 
14 


G Or cr Or Cr Or Cr Go Or Or Or Gr Or Gr Or Cr 


Nannon nano: 


19 
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19 | 
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19 
19 
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20 
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19 
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19 
19 
19 
20 
19 
18 
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TABLE II 


The Number of Vertebrae in the Precaudal Regions of the Spine in the Platyrrhine 
Genus CEBUS. All Specimens Had7 Cervical Vertebrae. In This and the Following 
Tables Some of the Old Species Names Were Changed to Those Given by Elliott (1913), 
e. g., ‘Cebus Hypoleucus E. Geoff.” of Flower and of Giebel to Cebus Capucinus 
(Linnaeus) or “C. Robustus’’ of Giebel to C. Variegatus. 















































SPECIES COLLECTION OBSERVED BY THORAC. | LUMBAR | THOR. L.| SACRAL 

capucinus Sch. 608 Schultz 14 6 20 3 
“ Sch. 837 * 14 6 20 3 

“ Sch. 841 « 14 6 20 3 

si Sch. 852 4 14 6 20 3 

“ P.A.L “ 14 6 20 3 

sr EE, eo eee Flower, 1862 14 5 19 3 

of Ln ied) ee ere Flower, 1862 12 7 19 3 

ee ee es Giebel, 1877 14 6 20 3 

eh: “ee eS Giebel, 1877 15 6 21 3 

” Ja csomecesesneces Giebel, 1877 13 6 19 2 

” Lvs weweraakeuenel Flower, 1884 14 6 20 3 

= RP re Flower, 1884 14 5 19 3 
cnt teens Flower, 1884 13 6 19 3 

Bn i ee es Ranke, 1897 14 4 18 3 

ci6i askance Ranke, 1897 13 6 19 3 

” iin ceedeemnes v. d. Broek, 1908 13 6 19 3 
eum. |... tieueeaneasmeenee Ranke, 1897 12 7 19 3 
Re ee | Ranke, 1897 15 5 20 3 

ag rr tree ee Flower, 1862 14 5 19 3 
fatuellus RES Pet | Flower, 1862 14 5 19 3 
“ Paglia PRS CD | Giebel, 1877 14 5 19 3 

* |. csdenanhenediers | Giebel, 1877 14 6 20 3 
variegatus [oc ceccecsesccees Giebel, 1877 14 5 19 3 
* S . saaieae come | Giebel, 1877 15 5 20 3 

- sand ae le a rea | Giebel, 1877 15 5 20 3 
cirrifer See ene 14 6 20 3 
" ae ee | Flower, 1862 14 5 19 3 
albifrons | Nat. M. 24948 | Schults 14 6 20 3 
Co Spree eee ay | Ranke, 1897 14 5 19 3 
unicolor | W.R.U | Todd, 1922 ™ ” 19 i 
“ae ©6h3—mlCité‘(“‘—;*‘C*éri me ww | v. d. Broek, 1908 14 | 6 20 3 
eee ee eek arora |v. d. Broek, 1908 14 j 6 20 | 3 

Se otUtee eects v. d. Broek, 1908 14 5 19 «=| 3 

epee ere eee | v. d. Broek, 1908 13 | 6 19 | 3 

species ? | Nat. M. 22210 | Schults 14 | 6 20 | 3 
? | Nat. M. 805 _ 14 | 6 20 3 

BOE he ST Rosenberg, 1875 “um I- «6 20 | 8 

ey er OT 4 | 5 19 | 3 

| 
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TABLE III 


The Number of Vertebrae in the Precaudal Regions of the Spine in the Platyrrhine 
Genus ATELES. All Specimens Had 7 Cervical Vertebrae. (Jt Is Not Impossible 
That the Species ‘‘ Ateles Hypoxanthus” and ‘‘A. Arachnoides” Belong Really to 
the Closely Allied Genus Brachyteles.) 





i i | 
| LUM- ‘THOR.| SA- 
SPECIES | COLLECTION OBSERVED BY | THORAC. | 





| BAR | L. | CRAL 
paniscus ee ......| Flower, 1862 13 4 17 3 
™ iA Giebel, 1877 14 4 18 3 
“ : Ranke, 1897 14 4 18 3 
- dl ...| Ranke, 1897 14 4 18 3 
- . .., Sperino, 1897 7 Ps . he 
aa Fe ele v. d. Broek, 1908 14 4 18 3 
geoffroyt Sch. 819 Schultz 14 4 18 3 
o ...| Flower, 1862 14 4 i8 3 
“ id ...| Flower, 1884 14 4 18 3 
belzebuth ee ..| Flower, 1862 14 4 18 3 
9 ae ep rey Flower, 1862 13 4 17 3 
" W. R. U. Todd, 1922 53 sc 17 
marginatus ..| Ranke, 1897 14 4 18 3 
“‘hypoxanthus’’ |. Ranke, 1897 14 4 18 | 4 
me ...| Giebel, 1877 14 4 18 3 
‘‘arachnoides”’ Flower, 1862 14 4 18 3 
““chameck”’ (?) |... ...| Flower, 1862 14 4 18 3 
species ? sig: a ssi'y te naa 14 4 18 3 
Nat. M. 984 Schultz 14 4 18 3 
Nat. M. 49712 ° 14 4 18 3 
sap Nat. M. 49888 - 14 4 18 3 
vs Nat. M. 154189 ” 14 4 18 3 
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TABLE IV 


+ 
The Number of Vertebrae in the Precaudal Regions of the Spine in the Catarrhine 
Genus PITHECUS. All Specimens Had 7 Cervical Vertebrae 








LUMBAR | THOR. L. 


SPECIES COLLECTION | OBSERVED BY | THORAC. SACRAL 
| | 

rhesus Sch. 149 Schultz 12 | a. a 19 3 
* Sch. 209 im 12 7 19 3 
Sch. 333 12 7 19 3 
Sch. 905 12 6 18 3 
P.A.L. 12 7 19 3 
P. A. L. 16 12 7 19 3 
P. A. L. 17 12 7 19 3 
A. Hopk. 12 7 19 3 
Carnegie Col. 4 2 7 19 3 
3 Carnegie Col. 55 12 7 19 3 
‘ Nat. M. 49436 ay 13 6 19 3 
- ‘ Flower, 1884 12 7 19 3 
, Flower, 1884 12 7 19 3 
Flower, 1884 12 7 19 3 
Flower, 1884 12 7 19 3 
: oe .| Flower, 1884 12 7 19 3 
“ W. R. U. | Todd, 1922 5 “} 1$ a 
? W. R. U. Todd, 1922 = 2 19 *. 
irus Nat. M. 49683 Schultz 12 7 19 3 
oe .| Giebel, 1877 12 7 19 3 
Giebel, 1877 12 6 18 3 
Flower, 1884 12 7 19 3 
Flower, 1884 12 6 18 3 
Flower, 1884 13 6 19 3 
Ranke, 1897 12 7 19 3 
Ranke, 1897 12 7 19 3 
rae ; Ranke, 1897 12 7 19 | 3 
nemestrinus Nat. M. 49691 Schultz 12 7 | 19 } 3 
es : . Giebel, 1877 12 7 19 3 
.| Giebel, 1877 13 S| 6 19 3 
Flower, 1884 12 7 19 3 
Ranke, 1887 12 7 19 3 
Ranke, 1897 12 7 19 3 
Ae Ranke, 1897 12 7 19 3 
W. R. U Todd, 1922 ‘ ne 19 4 
lasiotis Nat. M. 240008 § Schultz 12 7 19 3 
vs Nat. M. 240010 zy 12 7 19 3 
sinicus Nat. M. 16362 se 12 7 19 3 
- Sone Flower, 1884 12 7 19 3 
aii fw | Be ae Flower, 1884 12 7 19 3 
fuscatus Nat. M. 20936 | Schultz 12 6 18 | 3 
fascicularis Nat. M. 49696 13 6 | 19 } 3 
**maurus”’ Nat. M. 22445 12 7 19 3 
“inuus”’ Nat. M. 200951 - 12 7 19 | 3 
“intus”’ Flower, 1884 12 7 19 3 
“‘ecaudatus"’ Ranke, 1897 12 7 19 3 
” Ranke, 1897 12 7 19 | 3 
species ? | Ranke, 1897 12 7 19 | 3 
= Ranke, 1897 12 7 19 | 3 
Nat. M. 154367 Schultz 12 7 19 } 3 
Nat. M. 173813 ~ 12 7 19 | 3 
Nat. M. 174083 12 7 19 3 
Nat. M. 22706 12 7 19 3 
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TABLE V 


All Specimens Had 7 Cervical Vertebrae 



































LUM-|THOR.| 8A- TO- 
SPECIES COLLECTION OBSERVED BY | THORAC./‘3,n | 1. | crat| P°CCkS| rar 
concolor Nat. M. 154372 | Schultz 13 4 17 5 1 30 
Nat. M. 198840 he 13 4 17 4 3 31 
os Nat. M. 153799 13 5 18 4 2 31 
Fn Nat. M. 154373 13 5 18 4 2 31 
sia Nat. M. 151833 st 13 5 18 4 2 31 
-" Nat. M. 151835 “ 13 5 18 4 2 31 
ir Nat. M. 151832 a 13 5 18 4 2 31 
bin Nat. M. 153801 on 13 5 18 4 2 31 
2. Nat. M. 153797 < 13 5 18 4 2 31 
a Nat. M. 154371 “* 13 5 18 4 2 31 
= Nat. M. 151 26 13 5 18 4 2 31 
ee Nat. M. 154370 sid 12 6 18 5 1 31 
os Nat. M. 151837 m2 13 5 18 5 1 31 
“3 Nat. M. 153798 a” 13 5 18 5 2 32 
re Nat. M. 154412 my 13 5 18 5 3 33 
x W. R. U. B 160 | Straus 13 5 18 4 res aa 
¥ W. R. U. B 162 | Todd, 1922 os ‘nig es .. ee ee 
= W. R. U. B 161 | Todd, 1922 aa on mE as ae es 
fh Museum Leiden | Kohlbrigge, 1891 12 | & 17 5 2 31 
leuciscus Nat. M. 154722 | Schults 13 | 5& 18 4 3 32 
ie Nat. M. 156296 ~ 13 5 18 4 4 33 
mm. -§ Tice baat eae Cuvier 
(Kohl e)... 12 5 17 4 3 31 
= Museum Leiden | Kohlbrigge, 1891 12 5 17 4 3 31 
ee Museum Leiden | Kohlbrigge, 1891 13 5 18 4 3 32 
~ Museum Leiden | Kohlbriigge, 1891 13 5 18 4 3 32 
ES Amsterdam Kohlbrigge, 1891 13 | § 18 4 4 33 
Reins eR wen 
(Rosenberg) 13 | 5 | 18/] 5 2 32 
a Munich Ranke, 1897 13 | § 18 5 ta a 
ce Munich Ranke, 1897 14 | 4 18 4 os ae 
“ Anat. Zarich Ruge, 1891 ce? ee 18 | .. aa a 
agilis Zo. I. Z. 136 Schultz = + a 18 4 2 31 
% Nat. M. 49694 = 12 | §& 17 5 3 32 
- Nat. M. 49697 - 13 5 18/| 5 3 33 
7 Paris Deniker, 1885 13 | §& 18 5 4 34 
~~ © Th Seine deme Cunningham, 1886 _ Ele mee oe er e 
ee he Se een Hartmann, 1899 13 6 19 5 4 35 
a Museum Leiden | Kohlbriigge, 1891 13 5 18 4 5 34 
| cde liane Mics a Kohlbrigge, 1891 13 5 BT se ws ie 
" Anat. Zirich Ruge, 1891 aa, es | ie? ms 
vi Anat. Zirich Ruge, 1891 - ci 18 | + a ca 
lar Zo. I. Z. 48 rere 13 | § 18 4 1 30 
- Zo. I. Z. 130 ~“s 13 | & 18 4 1 30 
“ Sch. 907 “ 13 | 5 18 | 5 3 33 
- Nat. M. 49463 “ 13 | 5 18 | 5 i = 
“a Roy. Col.. Surg. | Flower, 1884 m ft 18 5 2 32 
oe Roy. Coll. Surg. | Flower, 1884 13 | 5 18 5 2 32 
7: Anat. Zirich Ruge, 1891 sa Bis. az os LR 
* Munich Ranke, 1897 13 | § 18 4 os mn 
a“ G. Max Ranke, 1897 13 | §& 18 4 _ + 
Anat. Hall Boltze, 1926 13 5 18 4 3 32 
hoolock W. R. U. B 159 | Straus 13 4 17 5 - an 
ne Columbia U. Huntington, 1918 12 5 Dy © as ny i 
species ? Nat. Mus. 240495) Schultz 14 5 19 5 4 35 
6 ti(‘(“‘(“‘(‘dtC RC Rw ee eS Rosenberg, 1876 14 5 19 4 4 34 
: Roy. Coll. Surg. | Flower, 13 5 18 5 2 32 
56 Roy. Coll. Surg. | Flower, 1884 14 4 18 5 Ge ve 
a To SARE ae Paterson, 1893 13 5 18 5 3 33 
Ce a oe Paterson, 1893 13 5 18 5 3 33 
ROLES eee Paterson, 1893 13 5 18 4 3 32 
: Anat. Halle Boltze, 1926 13 5 18 4 5 34 
= Anat. Halle Boltze, 1926 14 5 19 4 2 32 
7 Anat. Halle Boltze, 1926 12 5 17 4 4 32 
= Anat. Halle Boltze, 1926 12 5 17 4 3 31 
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TABLE VI 


The Number of Vertebrae in the Different Spinal Regions in the Genus SY MPHAL- 
ANGUS. The Third Specimen of Kohlbriigge Has 8 Cervical Vertebrae, All Others 7 
































LUM- enon, BA- TO- 
SPECIES COLLECTION | OBSERVED BY | THORAC. aont sc Veet SOOT ae 
klossi | Nat. M. 49656 | Schultz 13 5 | 18| 5 5 35 
. | Nat. M. 49657 5 13 6 | 19) 4 5 35 
syndactylus ; Nat. M. 115678 | - 13 ei | 4 3 32 
Fs Nat. M. 49746 | ne 13 5 18 4 3 32 
Nat. M. 49748 | " 13 5 18 4 2 31 
Sch. 130 | = 13 5 18 4 2 31 
Nat. M. 49747 | “ 13 4] 17| 5 1 30 
- Paris | Duvernoy, 1856 13 5 18 4 3 32 
© .. ipeesdiekeesnae Daubenton(Kohl- 
| bragge) | 12 6 | 18] 3 3 31 
ee eee | Vrolik (Ranke) 13 5 18 4 on 
“ Roy. Coll. Surg. | Flower, 1884 | 13 4 | i7| 4 4 32 
sf Roy. Coll. Surg. | Flower, 1884 | 13 4 17; 5 
” Anat. Ziirich | Ruge, 1891 17 
Anat. Zurich | Ruge, 1891 | “in Bah 18 _ _ 
Amsterdam | Kohlbrigge, 1891) 13 | 4 17| 5 4 33 
M. Weber | Kohlbragge, 1891) 13 | 4 | 17| 6 
M. Weber Kohlbrigge, 1891) 12 5 17 5 
= Amsterdam | Kohlbragge, 1891) 13 5 18 4 
os Museum Leiden | Kohlbrigge, 1891) 13 5 18 5 
™ Munich Ranke, 1897 13 + 17 4 
| | 
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TABLE VII 


The Number of Vertebrae in the Different Spinal Regions in the Genus PONGO, Con- 
taining the Single Species Pongo Pygmaeus. All Specimens Have 7 Cervical 
Vertebrae 





LUM- | THOR. 
COLLECTION OBSERVED BY THORAC. | . 








. M. 49857 Schultz 
. M. 49851 - 
. M. 49855 | = 
. M. 49863 r 
. M. 49856 

. 49862 

. 49769 

. 49768 

. 153826 

. 153972 





ee eee 
NCwnwwere OWwWwWwWwWnhwn wWwwwowswhds & w 





tw Ww wt: 


KEE EKEKEREEREKEEEEEEEEEE 


Nat. 145309 
Ph Acad. 11809 
Ph. Acad. 11810 
Ph. Acad. 
Amer. M 
Amer. M 

Army M. 

Zo. I. Z. 

Zo. I. Z. . 
a a 
Harvard Mus 
A. Jeff. ... 
Field M. 

M. a. c. P 


ve 
» 


— 
~~. 


ver) 
we 
OT OD OO OE OS ee ee eee 


orrr Or eh ee WOH OP - 
NWF Ww WwWwWwWW Wo to » & & to 


eer es a 

| seven sacra with..... 
Duvernoy, 1856 12 a 6f 
Broca, 1869 | a j¢@ | 
Trinchese, 1870 | | 5 


6 
5 
6 
5 
5 
5 
5 
5 
5 
5 
6 
6 
5 
5 
5 
5 
5 
6 
5 
6 
5 
6 
5 
5 
6 
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6 
6 
5 
6 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
4 
5 
4 
5 
5 
5 
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TABLE VII (continued) 





LUM- 
BAR 


COLLECTION OBSERVED BY THORAC. 





de Blainville (Bateson) | 
Rosenberg, 1876 
Rosenberg, 1876 | 
Flower, 1884 
. Surg. Flower, 1884 | 
. Surg. Flower, 1884 
. Surg. Flower, 1884 | 
Surg. Flower, 1884 

Westling, 1884 





eh or PP 





[eS Oe Sees 


| Cunningham, 1886 
| Paterson, 1893 
| Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
| Paterson, 1893 
| Paterson, 1893 
| Paterson, 1893 
Paterson, 1893 
| Paterson, 1893 
Paterson, 1893 
| Paterson, 1893 
| Paterson, 1893 
Aree | Paterson, 1893 
Roy. Coll. Surg. | Bateson, 1894 











ake ap eRe R RRR GOOD 
Orr eR aOaAaaaark an 


Cambridge U. Mue. Bateson, 1894 
Leipzig .. Fick, 1895 

G. Max | Ranke, 1897 

G. Max | Ranke, 1897 

G. Max Ranke, 1897 
Univ. Munich | Ranke, 1897 
Univ. Munich Ranke, 1897 
Univ. Munich Ranke, 1897 
Univ. Munich Ranke, 1897 
Univ. Munich Ranke, 1897 
Univ. Munich Ranke, 1897 
Amsterdam .. Bolk, 1898 
Amsterdam .. Bolk, 1898 
Columbia Univ. Huntington, 1918 
W. R. U. B 164 | Todd, 1922 

W. R. U. B 172 | Todd, 1922 

W. R. U. B 623 | Todd, 1922 
W.R. U. B 624 Todd, 1922 
Cologne , Kempermann, 1929 





~ eer eee OH Ke ee Pe 
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TABLE VIII 


The Number of Vertebrae in the Different Spinal Regions in the Genus PAN (Spectes 
Undetermined). All Specimens Have 7 Cervical Vertebrae 





coccra. 


| aan TR SA- 
COLLECTION 
| 


| 
OBSERVED BY | THORAC. | 
| L. CRAL 





A. Hopk. C 62 
Nat. M. 220062 
Nat. M. 176230 


| Schultz 


“ 





CAaOrarrt were & We 


| 
| 
| 
| 
| 
' 
| 
| 


“ 


| Straus 
Tyson, 1699 
Duvernoy, 1856 


Divernoy, 1854 

Duvernoy, 1856 

| Rosenberg, 1876 

Se ee Rosenberg, 1876 
Roy. Coll. 8 ; | Flower, 1884 
Roy. ‘ ; Flower, 1884 
Roy. Coll. Surg. | Flower, 1884 
Roy. Coll. Surg. Flower, 1884 


Roy. . Surg. | Flower, 1884 
Roy. . Surg. | Flower, 1884 
Roy. Coll. 8 Flower, 1884 
Roy. .8 Flower, 1884 


Dublin .. Cunningham, 1886 
Dublin | Cunningham, 1886 


Dublin .. Cunningham, 1886 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 


wo * & ee ee 
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TABLE VIII (continued) 





LUM- THOR. 
COLLECTION OBSERVED BY THORAC. | . 
| 


AR L. 








Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 

| Sperino, 1897 

| Ranke, 1897 

| Ranke, 1897 

| Ranke, 1897 
Ranke, 1897 
Bolk, 1898 

Bolk, 1898 
Columbia Univ. Huntington, 1918 
Columbia Univ. | Huntington, 1918 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Todd, 1922 
Kempermann, 1929 











~ eh Pe Pe Pe eh Ow RP PB W OO 
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TABLE IX 

The Number of Vertebrae in the Different Spinal Regions in the Species GORILLA 
GORILLA. All Specimens Have 7 Cervical Vertebrae Except the Last Gorilla of Stru- 
thers, Which Has 8. Inthe Paper by Meyer the Number of Sacral Vertebrae Is Given 
as 2; However, in a Letter to the Author Professor Meyer States That This Is a Printer’s 
Error and That the Sacrum Contained 5 Vertebrae. The Author Was Unable to 
Consult the Original Paper by Paterson So That He Is N~t Absolutely Certain That 
None of His Specimens Have Been Used by Other Authors 





COLLECTION 





ror eee ee eG 

iddddddddada 

SE ot a0 of of 30 3) 38 3k 
ts 


5 
> 
4 
; 


Wist. I. 4491 
 § 


. 154553 
- 176225 
. 174723 
Nat. M. 174722 
W. R. U. B 1057 
W. R. U. B 169 





OBSERVED BY 


Straus 


Duvernoy, 1856 


Duvernoy, 1856 
Broca, 1869 


Flower, 1884 
Flower, 1884 
Flower, 1884 
Flower, 1884 
Flower, 1884 
Symington, 1890 
Eisler, 1892 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 
Paterson, 1893 





THORAC. 


| 


| LuM-|THOR.| 8a- 








To- 
TAL 


35 
35 
33 


34 
33 


34 
33 


33 


33 


BAR| L. | crat| a 
cok) Oe SE TS 
| j | 
C4 Miet 
4 17| 6 5 
| 4 17| 6 3 
| 4 7; 6 | 
| 4 17| 6 
4 17| 6 5 
4 17/| 5& 4 
4 17| 5 3 
ret oi ers 
| 3} 6/6] 2 
es Or 6 F "4 
ei wes ts 
| 4 17; 6 | 3 
| 4 17; 5 | 8 
4 17; 5 | 3 
ia. ere! 2 
| 3 17| 5 3 
4 17/ 5 2 
| 3 | 16) 6 2 
et mie 2 
| P ‘ 7 3 
St ase 
Page y 2 
| 3 | 16] 6 | 
| 3 | 16/ 5 
1a] wy] 6s | 
| | 4 
| 3 | 16| 11 
ré bo wi-s. } 4 
| | —_—"— 
| 4 |] 17 10 
ei ei 4 
4 | 17] 5 
| 4 | 17/ 5 
| 3 | 16] is 
| 3 | 16| 6 4 
| qj ar|.. | 
| 4 17| 5 | 
| 4 17; 5 | 
| 4 17| 6 ¥ 
| 3 | i7] & 4 
| 3 | 16] 6 4 
| 3 | 16] 6 4 
' 
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TABLE IX (continued) 






































| | LuM-|THOR.| 8A- | To- 
COLLECTION OBSERVED BY THORAC. coccra. 
BAR L. | cRAL| TAL 
hamaionee Paterson, 1893 13 3 16 6 3 32 
sis he salle Paterson, 1893 13 3 16 6 2 31 
Wee ee Paterson, 1893 12 4 16 5 3 31 
ee ee Paterson, 1893 13 3 16 5 2 30 
Seieabanen Paterson, 1893 12 3 15 6 
Jardin des Plantes Struthers, 1893 13 + 17 
Jardin des Plantes Struthers, 1893 13 4 17 
British Museum Struthers, 1893 13 4 17 
Roy Coll. Surg. Struthers, 1893 14 3 17 
(mot used by Flower) 
Anthrop. I. London Struthers, 1893 13 4 17 
Publ. Mus. Vienna Struthers, 1893 13 4 17 
jankéaes Struthers, 1893 13 4 17 
Publ. Mus. Basel Struthers, 1893 14 3 17 
=o «xen Struthers, 1893 13 4 17 
Mac Gill, Montreal Struthers, 1893 13 4 17 
Harvard University Struthers, 1893 13 4 17 
Univ. Mus. Glasgow Struthers, 1893 14 3 17 
Edinburgh ..... Struthers, 1893 13 4 17 
Edinburgh ..... Struthers, 1893 13 4 17 
: Struthers, 1893 13 4 17 
Aberdeen ...... Struthers, 1893 13 4 17 
Aberdeen ...... Struthers, 1893 13 3 16 on me - 
Univ. Cambridge Bateson, 1894 12 4 16 5 3 31 
Munich ....... Ranke, 1897 14 3 17 6 
ere Ranke, 1897 13 4 17 5 oo 
Munich ....... Ranke, 1897 13 4 17 5 
Oe eee Ranke, 1897 13 4 17 5 
eee Ranke, 1897 13 3 16 6 
Munich ....... Ranke, 1897 13 3 16 6 
Munich ....... Ranke, 1897 13 3 16 6 
Munich ....... Ranke, 1897 13 3 16 5 
Munich .. Ranke, 1897 13 3 16 5 
Amsterdam Bolk, 1898 13 5 18 
Amsterdam ... Bolk, 1898 13 3 16 Sa 7 ae 
Leland Stanford Meyer, 1915 13 3 16 5 3 31 
Columbia Univ. Huntington, 1918 13 3 16 6 
W.R. U. B 168 Todd, 1922 17 
W. R. U. B 624 Todd, 1922 17 
W.R. U. B 626 | Todd, 1922 16 
W. R. U. B 627 Todd, 1922 as ~~ 16 
Cologne .. | Kempermann, 1929 13 4 17 
TABLE X 


The Number of Vertebrae in the Different Spinal Regions in the Species GORILLA 





BERINGEI. All Specimens Have 7 Cervical Vertebrae 


c,| LUM- | THOR. | Sa- 





OBSERVED BY | THORA coccra. | TOTAL 


LLECTION 
= —_ CRAL | 





BAR | L. 

P.A.L.7 | Sehults =. @ 16 5 4 | 32 
Nat. M. 239883 ez | wie 16 6 3 32 
Nat. M. 239884 a |} i | 3] 16 5 Kn 
Amer. M. 54090 =. | 13 | 38 | 16 6 3 32 
Amer. M. 54092 | 12 4 16 6 a x 
Amer. M. 54091 “ | 13 3 16 5 2 31 
Amer. M. 54089 = 13 3 16 6 
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TABLE XI 


The Proportions of the STERNUM of Primates. The Specimens of the Same 
Species and Sex Are Grouped According to the Increasing Length of the Sternum 
without the Xyphoid Process (This Length Is Givenin Mm.). The Averages of These 





















































Proportions Are Listed in Table 14. } 
Lf 
| | EE 
r | E AE ez 
+§ az aj" Blo 
SPECIES sex | aGE COLLECTION 2% 2) 2 a i s 5 
i; Bs cia Bis ela 
| &@ Ae z s 2/2 
Be Ble >} Pla 
| 2 | 58 | Sls | ale 
| a8 z z/2 | §16 
Galago spec.? | ? | adult | Nat. M. 49548 28.8 | 38.4 86.3 | 14.4 
Cebus capucinus a | “ | Sch. 852 74 29.8 94.2} 15.8 
Ateles geoffroyi ¢ | “ | Sch. 819 66 26.9 | 164.2 | 17.3 
Pithecus rhesus | ¢£ juv Sch. 149 49 40.0 107.1 14.3 
“ “ @ | adult | Sch. 333 82 36.7 | 104.5 | 13.3 
Pygathriz potenziani | o | “ | Nat. M. 49658 75 36.4 | 105.0 | 14.5 
Hylobates concolor | 9 | adult | Nat. M. 154373 48 54.8 182.2 51.6 
“ " a | Nat. M. 151835 52 62.5 150.0 | 37.5 
a | Nat. M. 153798 53 51.4 155.5 | 31.4 
g | Nat. M. 198840 54 50.0 144.5 | 41.7 
| @ “| Nat. M. 153799 59 47.5 147.3 | 27.5 
| @ Nat. M. 151833 60 46.3 168.4 | 34.1 
leuciscus fe oe Sex | Nat. M. 156296 41 57.9 146.5 38.4 
. a | “| Nat. M. 154722 55 44.7 170.5 | 50.0 
agilis Fy | Nat. M. 49697 61 56.4 145.5 | 43.6 
" | @ | “ | Nat. M. 49604 63 61.6 141.6 | 35.9 
lar | a | Sch. 907 57 58.3 138.0 | 44.8 
spec.? | 2 | “ | Nat. M. 240495 67 31.4 162.4 | 27.4 j 
Symphalangus klossi @ | adult | Nat. M. 49656 45 73.1 136.8 50.0 
os ” | @ “| Nat. M. 49657 50 47.1 162.4 | 38.2 
Symphelengus syndact. @ | adult | Nat. M. 49748 53 s2.s | 137.5| 55.2 
“ “ i a “| Nat. M. 49746 61 84.9 146.3] 48.5 
“ ‘ a “ | Sch. 130 61 79.4 122.2 | 55.9 
Pongo pygmaeus fou inf Nat. M. 49849 59 51.3 140.0 56.4 
“ « 9 “ | Nat. M. 49435 62 44.2 136.7-| 48.8 
' * a “ | Nat. M. 49856 66 61.0 136.0 | 58.5 
ee @ j|juv. | Nat. M. 145303 75 47.1 133.3 | 58.8 
ee 9 “| Nat. M. 153821 75 50.0 136.0 | 64.0 
: " g “| Nat. M. 49863 83 48.2 140.7 | 55.4 
¥ . ea “ | Wist. I. 2223 100 66.7 107.4 | 66.7 
‘e 9 | adult | Nat. M. 49848 73 69.7 186.6} 76.8 
ro) “| Wist. I. 2170 83 53.7 151.74 59.3 
9 “| Nat, M. 49769 84 82.6 136.84 65.2 
“ , g “| Wist. I. 2172 86 59.3 121.84 79.6 
. 9 “| Nat. M. 49857 91 42.2 137.01 46.8 
“ ‘ g “| Nat. M. 49853 91 49.2 150.04 54.1 
" ss 9 * | Nat. M. 145300 93 63.1 141.6} 56.1 
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TABLE XI (continued) 
e E = z 
n Zz : ald 
e +6 5 z a “ E 
SPECIES SEX AGE COLLECTION 25 Z\A 215 a 5 
= | Big | gla | ale 
~ f 7 = 3 e oi2 
Be | gle | Ble | Bie 
a8 aS | els | ais 
28 s 3\7 Bie 
Pongo pygmeus . = adult | Nat. M. 49862 94 44.6 144.7 40.0 
- “3 g “ | Nat. M. 153805 94 54.1 130.2 | 55.7 
" e 9 “ | Wist. I. 2222 94 77.3 104.8 | 71.7 
” - 9 “ | Nat. M. 49851 95 55.7 141.1] 55.7 
g “| Nat. M. 22937 97 49.3 153.0 | 49.3 
= 9 * | Nat. M. 145302 97 61.7 140.5 | 60.0 
; " fc) “| Ph. Acad. 12597 98 60.7 129.6 | 54.1 
. sg g “ | Nat. M. 145309 110 57.1 120.0 | 45.7 
£7 si g “| Nat. M. 49768 110 54.9 141.0 | 57.7 
” “ g “| Nat. M. 145304 | 131 52.3 135.5 | 54.7 
" a “ | Nat. M. 49860 | 104 48.6 158.7 | 60.0 
” us | “ | Nat. M. 145805 | 115 53.2 162.4 | 58.7 
— “ si re “| Nat. M. 49864 117 42.7 122.8 | 42.7 
‘ ” a “ | Wist. I. 7120 118 49.4 117.9 | 55.7 
“ a “| Nat. M. 145310 119 56.6 130.1 | 54.0 
- re “ | Nat. M. 49858 119 91.9 117.5 | 74.2 
im ri “ | Nat. M. 49859 125 58.2 123.8 | 54.4 
’ . a “ | Nat. M. 153823 129 38.7 163.8 | 54.9 
4 ro “ | Wist. I. 2168 130 | 60.5 128.5 | 53.1 
" “ ou “ | Nat. M. 49855 | 137 | 55.7 | 116.2] 56.8 
Pan spec.? 9 | adult | Nat. M. 176226 110 50.7 132.4 {| 21.9 
“ g “| Nat. M. 176227 117 44.4 127.7 | 22.2 
‘ » g “ |PRAL 9 119 33.7 159.8 | 20.2 
} 35 a “| Nat. M. 176230 132 51.7 128.8 | 23.0 
- ‘“ ? a “ | Nat. M. 220326 157 33.0 194.7 | 19.5 
Gorilla gorilla 9 jinf | PAL 5 84 58.5 119.3 | 33.7 
- - 9 j|adult | P.A.L.6 135 75.3 106.8 | 44.2 
- ‘ g “ [RAL 148 52.6 115.6 | 40.4 
= 33 9 - P.A.L. 3 161 52.9 133.8! 41.2 
" sé a |juv. | P.A.L. 10 126 65.8 128.0| 39.5 
~ ve si a |adult | P.A.L. 11 162 70.5 129.7 | 63.2 
5 ‘i a “ | Nat. M. 174723 171 52.6 149.0 | 43.7 
ts 9s ru “ | Wist. I. 4491 174 64.1 139.6 | 46.2 
om “ | @ “ | Ph. Acad. 11805 | 189 71.8 131.6 | 58.2 
a x rou - IRA EO 212 55.9 136.9} 41.1 
5 4 re * BA 214 56.2 135.1 | 38.7 
- a a * 13.4.8.8 247 47.0 131.7 | 35.7 
beringet @ |juv. |P.ALL.7 141 62.1 112.9 | 39.1 
4 = @ | adult | Amer. M. 54091 157 72.5 142.3 | 657.1 
. = ro) * | Amer. M. 54092 | 183 59.1 135.2 | 42.6 
by es re “| Amer. M. 54090 | 196 79.7 125.3 | 52.3 
: - a * | Amer. M. 54089 | 209 50.3 138.5 | 46.7 
™ _ a “| Nat. M. 239883 221 61.3 119.0 | 39.4 
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TABLE XI (continued) 
































| | ar 
| ite | HE 
» | His | gia | Ele 
7 | = 4 aj" gi° 
SPECIES AGE COLLECTION 2% ! in a a a 5 
BS ( Ble | BIE | gis 
Se | 2 a) & al@ 
Bo | Bla Bie DIP 
a ° z Be 
Ze Zl z 2\% 
<9o < </< ole 
} a0 2 aia ole 
| | 
Homo (Negro) | @& | adult | A. Hopk 141 48.4 126.0 | 
- 7 | @& | “ | A. Hopk 146 50.5 106.0 | 
™ . | @& |PA.L 196 46.3 117.7 
(Chinese) ro | P.A.L 136 44.7 161.7 | 
(White) a | A. Hopk 142 46.4 124.3 | 
ag sas i @& | A. Hopk 150 41.5 118.1 | 
“ | o | A. Hopk 156 45.8 | 126.4 | 
| | 
TABLE XII 


The Absolute Length (in Mm.) of the CLAVICLE and Two Clavicular Propor- 
tions in Gorillas. The First Proportion Gives the Circumference of the Middle of the 
Clavicle in Percentage of the Length of the Clavicle, the Second Proportion Gives the 


Length of the Clavicle in Percentage of the Length of the Humerus. 





SPECIES 


Gorilla gorilla 
Gorilla gorilla 


























Gorilla beringei 


Gorilla beringet 


or 





AYAAowvw 


Luvern oF CIRCUMFER. 
cousenow | ‘ctane | Soe 
P.A.L.5 81 28.4 
P.A.L.3 98 26.5 
P. A. L. 10 129 26.3 5 
Nat. M. 154553 130 31.5 | 7 
P.A.L. 14 136 25.7 | x 
a ee 137 26.3 =| 4 
P.A.L.6 143 25.9 2 
Wist. 1.4491 | 148 32.4 9 
P.A.L. 11 151 30.4 7 
Nat. M. 174722 153 29.4 x 
Ph. Acad. 5530 | 153 24.8 7 
Ph. Acad. 11805 | 154 32.5 x 
PRA ks 4 | 156 30.8 8 
| Nat. M. 174723 157 24.8 0 
P.A.L. 12 | 169 27.2 2 
|P.A.L. 13 174 25.8 9 
IP A.L.8 177 25.4 9 
| Nat. M. 239884 | (77 24.7 9 
PALL. | 140 25.0 0 
Amer. M. 54091 | 144. .0 
| Amer. M. 54092 | 157 | 4 
| Amer. M. 54090 | 172 % 
| Amer. M. 54089 179.5 | enn 6 
Nat. M. 239883 190 | 25.2 x i 
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TABLE XIII 


The Morphological Length (in Mm.), Some Proportions, and the Avillo-spinal 
Angle (in Degrees) of the SCAPULA of Primates. All Specimens Are Adult, Except 
the First Gorilla Gorilla and the First Gorilla Beringei Which Are Juvenile or Sub- 
adult. The Averages of the Figures in This Table Are Given in Table 16. 




















































































































arg 9ry we - 
E isis | als a\E ale El 
z lSleg| zie] 2/2] Ze) lz | Sle 
B SES) EE ES) BS] sis] ais] 4 
. 11S2) S13) S56] sig i Bi] elel sz 
SPECIES SEX COLLECTION 8 3 SS aitae 8 = 8 3 8 . Sl 
8 jolza| ez] 2/2) &/s/ Silo) Sis | #8 
BURSA] cle] slBl </2| ge |e | 88 
a |eig*/3/2/3/8| 3/8 | “le|ai| 3% 
| Ss |S/e+| ele} gia eia| is] si | 8 
Cebus capucinus | @ | Sch. 608 45 | 102.2] 25.7] 77.8) 20.0/122.1| 12.2} 34 
Alouatta palliata...... | @ | Sch. 607 60 | 77.9| 45.3) 88.3, 40.0/123.2| 12.1) 38 
Ateles geoffroyi | 9 | Sch. 819 55 87.3 50.0 76.4) 38.2/123.5| 10.3] 26 
Pithecus rhesus | dé | Sch. 333 74 | 105.6! 45.8] 64.9) 29.7|118.8| 13.6] 28 
Papio tessellatus...... | ot | Nat. M. 239743 | 117 142.7 32.3) 53.0! 17.1/113.7| 9.8] 30 
Pygathriz potenziani | ot | Nat. M. 49658 47 | 81.1) 23.4/100.0, 23.4119.0) 10.7| 36 
Hylobates concolor | @ | Nat. M. 198840 | 61 | 141.8) 65.4 42.6| 27.9|118.0| 15.3} 19 
ee e 9 | Nat. M. 154371 | 64 | 139.0) 64.3| 43.7| 28.1/124.9| 13.8) 18 
Q | Nat. M. 153799 | 66 | 132.0] 92.3) 39.4) 36.3/125.7| 13.3) 15 
“ | @ | Nat. M. 151835 | 54 | 110.2) 58.1) 57.4 a 14.1} 20 
| @ | Nat. M. 151837 | 58 | 113.7] 75.9] 50.0) 37.9|127.5| 12.2) 19 
: | ot | Nat. M. 151832 | 59 | 125.5) 80.8) 44.1) 35.6/123.7| 13.7) 17 
agilis | & | Nat. M. 49694 65 | 116.0] 86.7| 46.1) 40.0/127.6) 16.9) 16 
” - | @ | Nat. M. 49697 67 | 113.5) 73.5| 50.7| 37.3/126.8| 15.3} 20 
“  leuciscus @ | Nat. M. 154722 | 67 | 152.1/100.0| 32.8) 32.8/125.3| 13.1) 11 
“lar @ | Sch. 907 63 | 140.0 95.7| 36.5} 34.9/126.8| 11.2) 14 
Symphalangus klossi | @ | Nat. M. 49657 53 | 110.3) 60.0) 56.6) 34.0/130.0) 13.0) 20 
“ “ @ | Nat. M. 49656 55 | 110.0) 61.3) 56.3) 34.5/125.4| 14.5) 20 
Symphalangus syndact.| 9 | Nat. M. 49747 67 | 97 1 81.6 56.7) 46 .3/135.7 16.4 20 
“ “ @ | Nat. M. 49748 77 | 130.4! 90.3) 40.3! 36.3/124.7| 14.61 13 
; “ | @ | Sch. 130 73 | 123.7| 84.4! “3.8 37.0/123.1| 15.6| 13 
. “ | ot | Nat. M. 49746 81 | 115.7] 79.5) 48.1] 38.3/132.1) 16.8 15 
Pongo pygmaeus | @ | Nat. M. 153805 | 81 | 71.7 24.2/112 3) 27.3|133.4| 14.8] 37 
“ ee | ot | Nat. M. 145301 | 117 | 66.5 | 26.6/118.8) 31.6)135.0| 12.0, 42 
Pan spec.? | 9 l A.L.9 90 | 77.6 | 70.6 75 6 53.3/140.0! 15.9| 24 
i | & | Nat. M. 220326 | 114 | 88.4 | 84.3) 61.4) 51.7 129.0) 12.2} 21 
Gorilla gorilla | @ | PAL 10 123 | 78 3| 57.0, 81.4) 46 3136.5) 17.3 30 
7 He 9 | P.A.L. 14 125 | 74.0) 60.9) 84.0) 51.2:140.0) 14.9) 31 
. | @ | P.A.L.2 125 | 78.6 67.4| 76.0, 51 2|140. 8) 17.0, 27 
o « | 9 |PAL6 130 | 92.9) 66.7) 64.6 43.0/140.0| 14.8 24 
“ | @ | PAL. 161 | 78.1) 64.8] 77.7| 50.3/134.1| 14.4) 30 
“ | | P.AL 1 161 | 70.6) 60.5 88.2] 53.4/140.3) 18.6, 34 
‘ | @ | PAL 13 169 | 68.7) 59.7) 91.2) 54.4)134.9) 17 | 34 
. = | @ PLA. L, 12 173 | 75.5) 64.7| 80.4) 52.0)139.3) 19.1) 32 
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TABLE XIII (continued) 





SPECIES 





COLLECTION 





Gorilla gorilla 
beringei 
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Homo (Negro) 


(White) 
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TABLE XIV 
The Ilium Length (in Mm.) and Some Proportions of the PELVIS of Primates. The 


Averages of the Figures in This Table Are Given in | Fable 






































. = 
w EET ele he Ele] ES 
E | Si2| SiS NEE |Ble| Sle 
Zz le a| 3 imlZ A 2 ee 
SPECIES COLLECTION fe Boll 8 tell Biden 3| 88 
B Ele \ ee /E/e| aa] aa 
S| A/S hele} ia) Bis | ble 
! 
Ocdipomidas geoffroyi re i Sch. 903 30) 166.7) 83.4) 40.0 5 0 
Saimiri orstedii o Sch. 865 35|147.8) 66.7| 33.8) 3.8) 0 
Cebus capucinus fei Sch. 852 63/185 .2 79.4) 39.7 .3 0 
Cebus capucinus fou Sch. 841 64,182.7| 82.9) 35.9 .6 0 
Alouatta palliata ea Sch. 607 80|222.1/111.0| 37.5/146.6|+ 9.1 
Ateles geoffroyi 9 Sch. 819 | 100)227.0)102.2) 42.0/152.5)— 3.4 
| 
Pithecus rhesus 9 | | Sch. 209 56 200.0| 67.9) 35.7 5 0 
' * a | Sch. 149 75/208.2) 80.5) 41.3) 83.3} 0 
. * 9 | Sch. 85'197.5|100.0} 36.5) 72.3|+ 7.7 
. ee o | Sch. 333 95/211.0| 82.2) 37.9] 89.5|+20.6 
Papio tessellatus | @ | Nat. M. 239743 | 127/208.3 83.6 48.0/120.6)+ 5.7 
t ! 
Hylobates concolor | Nat. M. 198840 | 77/220.0/108.5 7 0 
. " | Nat. M. 154372 | 84/221.0/105.2 .7\- 2.9 
. . | Nat. M. 153797 | 86 220.3) 89.7 .0|— 6.1 
. “i | Nat. M. 154371 | 89)240.3) 97.3 9 60 
‘ Nat. M. 154373 | 89/247.1/100.0 1+ 6.9 
- | Nat. M. 151833 | 89 217.1|100.0 .2|— 6.3 
‘ | Nat. M. 153801 | 93/226.7| 92.7 .0|— 4.9 
. ° | Nat. M. 153799 | 95/237.3| 87.5 .O|— 7.7 
’ . | Nat. M. 151837 | 85/236.0/100.0 l- 3.5 
| Nat. M. 154370 | 85/229.5, 89.2 A\— 3.1 
| Nat. M. 151832 | 85)242.6|100.0 .7\-16.1 
* | Nat. M. 153798 | 86 215.0) 85.0 21+ 6.5 
. | Nat. M. 151835 | 87241.3) 97.2 .2|-13.3 
“ | Nat. M. 151834 | 92/294.2) 90.2 .0|—11.4 
agilis | Nat. M. 49698 | 82/210.2| 89.7 2) 0 
™ | Nat. M. 49694 94/234.8/100.0 .5|— 2.0 
| Nat. M. 49697 96213.2) 80.0 8 — 8.8 
leuciscus Sch. 802 62/221.2| 82.2 9 0 
. Nat. M. 156296 | 74/264.0) 92.9) .0|— 3.8 
Nat. M. 154722 | 97'242.2) 90.0) .7\= 5.9 
lar Sch. 907 82215.7| 86.9) 0 -— 8.3 
| Nat. M. 49463 94'235.0) 95.0) .2|—17.6 
spec.? | Nat. M. 240495 | 94 261.0/116.6) 0 0 
! 
Symphalangus klossi | Nat. M. 49657 | 85/223.7] 100.0 5 
a “ 1 
| A 











Nat. M. 49656 


aa Lay oh ee. 
| Nat. M. 49747 | 
| Nat. M. 49748 
| Sch. 130 





























84/321.0) 89.5 





Nat. M. 49746 


104'242.0 113.9) 


| 107/248.9/113.8 


104'266.7 115.3) 
120|250.0 104.1) 





ot 


Ze #. 
_ ~~ 
om om -_ bh 
or _ oO 



























































428 Human Biology 
TABLE XIV (continued) 
} } | J ip | my 
| Le (EIB TEIED wee | BI} ELE 
| & Siz; oz ie; Si®) aie 
|S |zia|zia E's Fie!) ale 
Zi aaleia Bia | Blow. 
SPECIES SEX AGE COLLECTION | | | = = = = s 8 1 Be sie 
ay (= | REPEIE) Bla! <3! ais 
aa |B |S BEB BES) gis! gig 
| 2 in b 3 4 | ° 
S/F)" 8] 5/3/ 2i3! ele 
] | | | 
Pongo pygmaeus | @ | juv. Nat. M. 49849 | 106/200.0! 77.4| 63.2/240.0\— 6.2 
“ - @ |adult | Nat. M. 153805 | 137/185.2 94.5| 77.4254.2|— 4.8 
. “i * Nat. M. 145301 | 177|194.6 103.2) 77.4|281..8| — 9.3 
| 
Pan spec.? @ | infant |P. A.L. 4 | 85|197.5, 60.5! 50.61235 7} 0 
a. ¢@ |juv. | Sch. 310 108 196.5) 69.1) 58.3/235.04+ 1.5 
, @ |adult | P.A.L.9 | 165/198.8) 83.2| 57.5'303.5)+ 1.3 
Poe “2 is Nat. M. 220326 | 182/200.0) 80. 00. 3} 67.0 306.2) —10.5 
Gorilla gorilla Q ‘infant PALS | 105|184.2| 80.7| 79 0 320.8|— 4.9 
. - @jju. |P.AL3 | 136|174.4) 73.1) 81.7/327.6|— 7.3 
. . | @ |adult | P.A.L.2 | 191|189.0, 97.0, 90.7 388.3|—17.4 
ae. ej; * |PaLu 194/204.2} 99.0) 93.3 417.4)—13.4 
“ | e} “ |PAL6 204/194.3, 91.4 83.8476.8|— 7.7 
“ . | @ijuv. | P.A.L. 10 202'208.2) 96.9 78.7|/329.0|— 9.6 
“ ' | @ladult | PAL | 216|167.3) 88.4) 89.8)425.1|—19.6 
* , | eg} “ | P. A. L. 13 232|182.6,100.0 92.7/364.5|—17.1 
* ' | ot} P. A. L. 12 | 233)175.0) 91.0| 94.0/423.5)—15.7 
‘ }e] * |PRALA | 234/190.2/100.8 94.01358.7|—19.4 
‘ ‘ |e] “ |PALS | 238/164. 0} 91.1) 90.3/361.0/—15.1 
Gorilla beringes @ |infant | Nat. M. 239884 108|200.0) 81. 81.5) 75.9|280.8|- 6.8 
‘ v | juv. P. A. L. 7 | 196/186.6) 89.5) 83.2/297.6) 16.8 
“3 @ adult | Amer. M. 54091 | 220/203. 5)108.3| 86.4 375.7|—13.6 
: ' | eg; “ Amer. M. 54092 | 231/204.3)115.0) 82.7/283.0|—19.3 
¥ a i, & Nat. M. 239883 | 260 192.5) 95.6! 87. 3/358.0|—16.2 
vs ¢| “ Amer. M. 54090 | 261/196.2/108.2) 89.3/415.9|—15.3 
: " a} “ Amer. M. 54089 | 268 190. 0) 95. 1 87. 7 .0/885.3|— 13.5 
| | 
Homo (White) | & | fetus PALL. 26/162. 4) 93.8111.5/113.2|- 5.9 
“ (Negro) | fetus | PALL... | 31/155.0! 95.0)112. 8125.0|— 8.0 
“ (Negro) @ | newborn) P. A. L. . | 87/148.0) 92.1/116.1/114.2|— 8.3 
“ (Negro) @ | newborn} P. A. L. . | 41| 146.3) 89.3)112. 1/130. O|\— 7.7 
Homo (Negro) | @ jadult [| P.A.L.. 124| 149. 4100.0 122.6 137.5, —12.5 
. . Ee P.a.L. . | 124|149.4| 96.4|121.0,186.6 —10.1 
si %y - SF tay | Sch | 117|/130.0) 84.4/124.7 142.3|—11.9 
- ” ii “ _ a | 120/125.0| 91.6 127.5.125.3|—16.7 
a . ac] “ Sch. ..... | 127|145.9| 79.3 109.5)149.0|— 7.6 
2 vs lo} “ A. Hopk | 129/137.2) 93.6 124.8)157.8|—17.3 
? “ ey Bes 131|137.9) 90.6 126.7|158.5|—11.6 
= i ‘fi * Rae: | 131/135.0) 80.5|117.5,155.0) — 10.0 
- _ | @ | |P.A.L.. | 145|151.0) 88.5/120.0/134.7|—15.8 
“ (White) | @| “ | A. Hopk. | 118/142. 1) 95. 1/127. 1/161.2)—12.0 
. ’ iol - ree. | 125 152. 4/100.0 120.8|190.0)—12.4 
. . (eT * {RAas. 121 133.0) 83.5)121.5)131. 5|—13.9 
‘9 . e; * Vas. . | 122/128.4) 88.4/117.2|162.8|—19.3 
. . [oa] “ P.A.L.. 132|137.5| 75.0118. 2|146. 7|—13.2 
" < ei. * Sch 2 


139, 131.0} 92.4/124. 4) 145. q-1 
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TABLE XV 
The Limb Proportions of Adult LOWER PRIMATES Measured by the Author 
INTER- 
HUMERUS BRACHIAL CRURAL 
SPECIES SEX COLLECTION MEMBRAL 
LENGTH INDEX INDEX 
| IND®x 
} 
Lemur mongoz | 2? |Nat.M.4994 | 74.2 102.2 | 97.1 | 70.5 
Galago spec.? ? | Nat.M. 49548 | 40.4 105.2 | 91.5 | 64.9 
| | | 

Saimiri drstedii | @ | Sch. 865 73.0 | 91.8 98.0 79.5 
Cebus albifrons | @ | Nat. M. 24948 97.5 91.8 102.5 79.6 
Cebus capucinus | @ | Sch. 608 101.8 94.2 93.0 78.4 
Cebus capucinus | @ | Sch. 852 110 97.3 98.5 79.8 
Cebus capucinus | Sch. 837 113 98.3 95.2 | 79.2 
Cebus capucinus @ | Sch. 841 118 97.5 96.0 | 80.4 
Alouatta palliata | o@ | Sch. 541 151 96.1 88.8 | 103.8 
Alouatta palliata 3 | Sch. 607 154 92.9 88.2 103.8 
Alouatta senieulus a | Sch. 763 176 88.6 91.7 97.4 
Ateles geoffroyi =. Sch. 819 196 100.4 94.2 93.9 
Pithecus rhesus 9 |P.A.L. 16 131 97.7 94.0 85.4 
Pithecus rhesus 9 |P.A.L.17 136 99.5 90.4 85.9 
Pithecus rhesus | @ | Sch. 333 143 100.7 98.2 87.2 
Pithecus philippinensis g P. A. L. 19 118 97.5 93.0 94.3 
Papio tessellatus a | Nat. M. 239743 218 110.1 88.2 95.9 
Nasalis larvatus Q | Wist. I. 661 156 100.6 92.2 91.0 
Nasalis larvatus Q | Wist. I. 668 172 102.8 89.6 96.5 
Nasalis larvatus a Wist. I. 4750 205 107.2 87.8 95.7 
Nasalis larvatus oa {| Wist. I. 6101 223 98.2 86.0 92.5 
Pygathriz potenziani a | Nat. M.49658 | 130 106.8 89.7 81.0 
Colobus abyssinicus Q | Amer. M. 52223 147 91.2 91.4 78.5 
Colobus angolensis o | Amer. M. 52149 | 163 97.5 93.3 79.7 
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TABLE XVI 
The Limb Proportions in the Family HYLOBATIDAE 
| | 3 
| FI 
= 
| 3 
} 2m) wa 
SPECIES AGE SEX COLLECTION MEASURED BY pe& <* ~ 
z°| sh | 38) a8 
a = Belge] # a 
22 Z S/o8 é =| 
hia |6 |8 
: as l l 
Hylobates lar juv. Ce ara des aie Mollison, 1911 | 04) .0/83.0 119.0 
. . adult | @ | Zo. 1. Z.130 | Schults | 224/116.0/91.7/131.5 
oo adult | . 907 ll 219) 115.9/85.9| 129.2 
ae ~~ 4 | aaa Mollison, 1911 | 228'113.0/87.0/132.0 
. - - Le 4 Saapepe” separ Mollison, 1911 | 230/109.0/92.0/136.0 
: _ adult | o | Zo. I. Z. 48 Schults 230/117. 3/86.3)136.9 
lie oF By eer | Duvernoy, 1856 | 232/112.0/89.3|132.5 
. e adult | ot | Nat. M. 49463 | Schults | 237/110. 5/88.6|130.9 
“  pileatus juv. | ot | A. Hopk. 128 | | 156/102. 2/90. 1|117.7 
. ™ juv. | @ | A. Hopk. 131 “ 170/107. 0/89.3/117.7 
o - adult | 2 | A. Hopk. 124 221/113. 1/89.2/122.6 
. - adult | @ | A. Hopk. 133 . 222/112. 1/87.8|/122.9 
: ” adult | @ | A. Hopk. 125 . 225| 109. 5/89. 3/127.3 
" adult | @ | A. Hopk. 129 - 227 108. 3,89.7/122.8 
» adult | 2 | A. Hopk. 126 232|113.8/89.7|123.3 
. ” adult | @ | A. Hopk. 127 . 238/112. 1/89. 7|124.3 
“  Leuciscus juv. | @ | Sch. 802 . 160 108.7\86.4 128.0 
‘ . juv. | ot | Nat. M. 156296; “* 191/100. 5/84. 6/118.5 
" MEF Glccbeeacesvten en | Mollison, 1911 | 231|115.0)85.0/128.0 
. - - Te F Steregntae | Mollison, 1911 | 242/110.0/87.0/122.0 
- adult | o | Nat. M. 154722 | Schults 236/111. 4/86. 8/131.0 
agilis juv. P Roh ceapaeer ben | Mollison, 1911 | 173/114.0/88.0/122.0 
. TE } hequetenere | Mollison, 1911 | 237/116.0)90.0)131.0 
ee adult | o | Zo. 1. Z.136 | Schultz 200|113.0/87.0 129.5 
° adult | ot | Nat. M. 49604 |“ 247/118. 287.4 134.4 
concolor adult | 9 | Nat. M.198840) “ 205/107. 8/89.0\131.0 
spec.? a, & oc abqetappnes | Mollison, 1911 | 169)104.0/89.0 129.0 
. ON I etenpangnpeetnt: | Boltze, 1926 197|123.9|87.5 122.8 
. Eg 9 i neater Mollison, 1911 | 205/114.0/91.0/127.0 
“ Ee evans. oncsskens Boltze, 1926 228 115. 4/89. 1126.3 
“ ° TP heist. sntencude Boltze, 1926 240/113. 3/87.4 125.9 
Symphalangus klossi adult | 9 | Nat. M. 49657 | Schultz | 207/111.0 88.3)124.1 
- - adult | o* | Nat. M. 49656 |“ | 196 116.3.88.7 127.6 
Symphalangus syndact. ty Sap | Mollison, 1911 | 169/109.0|89.0!144.0 
. . juv. Dee okaksceeie | Mollison, 1911 | 179/109.0/86.0'142.0 
. . I 2 hgesepppeaee:- | Mollison, 1911 | 258/116.0/90.0/145.0 
” ° eS RR | Mollison, 1911 | 259/112.0)/84.0/146.0 
, - adult | ? | Sch. 808 Schultz 261/111.5/86.3/145.3 
° ' | 2 2 eee Mollison, 1911 | 256|109.0/84.0|147.0 
” . MET Bec ebckctcesesns Mollison, 1911 | 261|114.0/86.0/146.0 
“ " DEE Ecaksecaseresas Mollison, 1911 | 275|110.0/84.0|155.0 
" ; Gee tetep etek Mollison, 1911 | 275/113.0/85.0|150.0 
” . adult | o | Sch. 130 Schultz 259|110.0/88.5|150.3 
, ‘ LB Baroda ne Mollison, 1911 | 261/114.0/88.0|148.0 
- ‘ SDE EP he cbaccess seeker Mollison, 1911 | 278/110.0/85.0|148.0 
“ " OL SD Sereceggeptans Mollison, 1911 | 279|108.0/88.0)146.0 
. . oO BD 3 aeeesegteetene Mollison, 1911 | 289/106.0/84.0/151.0 
” . adult | ¢ | Sch. 809 Schultz 280/113.4)88.6 149.3 
| | 
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TABLE XVII 


The Limb Proportions of the ORANG-UTAN (Pongo Pygmaeus) 












































HU- BRA- INTER- 

CRURAL 
AGE SEX COLLECTION MEASURED BY MERUS CHIAL INDEX MEMBR. 
LENGTH INDEX INDEX 
infant a, Be tees perce | Mollison, 1911 108 98.0 89.0 | 140.0 
ee lp 2h RES OES Mollison, 1911 134 97.0 89.0 | 146.0 
sa RE RR eee Mollison, 1911 166 98.0 92.0} 142.0 
“ Pe | AG RR Mollison, 1911 | 168 95.0| 96.0| 144.0 
juven | @ | Se piveedsvasees Mollison, 1911 180 102.0} 100.0| 150.0 
“ @ | Nat. M. 49435 | Schultz 206 97.1 95.9 | 142.8 
“ SRR Mollison, 1911 232 98.0} 88.0] 139.0 
ss a | Nat. M. 49849 | Schultz 236 97.5 90.4 | 146.5 
" | @ | Nat. M. 49878 “ 237 95.8 85.1 | 149.1 
| @ | PPO ORAS Mollison, 1911 248 98.0 95.0 | 145.0 
@ | Nat. M. 49856 | Schultz 283 100.7 89.8 | 145.1 
| ? | Nat. M. 145303 . 286 104.5 94.3| 141.8 
| Q | Wist. I. 2171 . 296 99.0 93.3 | 137.2 
| & | oo an ieaee eens Mollison, 1911 297 96.0 90.0 | 141.0 
adult . +e | os cin'y Eeieae eaaiee Mollison, 1911 305 97.0 93.0} 144.0 
“ eh ics Mollison, 1911 315 98.0 90.0 | 143.0 
By Pee eee Mollison, 1911 316 97.0 91.0| 143.0 
C5... cabbebeees Mollison, 1911 344 100.0 90.0 | 146.0 
adult | o | Nat. M. 153821 | Schults | 305 | 100.8| 97.8] 139.0 
. | @ | Wist. I. 7122 “ | 306 | 103.2} 91.7] 149.5 
@ | Nat. M. 22937 |  “ | 307 | 102.5 | 88.0] 147.6 
Q | Ph. Acad. 12597 | 807 | 104.8; 97.0] 139.4 
Q | Nat. M. 153822 - | 309 94.8| 93.6] 143.9 
oe | @ | Wist. I. 2170 | g12 | 101.2/ 89.4] 147.3 
- | @ | Nat. M. 49862 | 313 102.2 91.6 | 139.2 
Q | Nat. M 145300; “ | 314 | 101.8 92.5 | 144.3 
| @ | Wist. I. 2222 “ | 315 100.8} 90.5/ 150.9 
| en Corer Mollison, 1911 | 315 | 94.0; 87.0] 142.0 
Q | Nat. M. 145302 | Schultz 319 | 101.5 92.6 | 138.5 
| @ | Nat. M. 49769 ° 320 | 101.8/ 91.6] 142.2 
| @ | Nat. M. 49857 * | 322 | 97.5) 89.9] 147.5 
| @ | Nat. M. 145309; “ | 322 | 104.9] 93.8] 141.2 
| @ | Nat. M. 49851 . | 326 | 101.2 | 94.5] 143.5 
| 9 | Nat. M. 145308} “ | 326 | 104.8| 97.0] 145.4 
| © hevctcemetagees Mollison, 1911 | 328 96.0; 92.0| 149.0 
« @ | Nat. M. 49853 | Schultz | 329 | 100.5/| 85.9! 143.1 
. @ | Wist. I. 2173 ° | 330 | 100.5 | 91.7 | 143.2 
@ | Nat.M.49863 | “ | 331 | 99.1) 90.5] 149.6 
. LD feevasensevesens Mollison, 1911 331 | 101.0; 91.0| 143.0 
ae ory Mollison, 1911 332 99.0/ 91.0] 145.0 
| Q | Nat. M. 145306 | Schultz 334 | 104.7 | 94.6 | 147.0 
L -®@ Teenccuacaeecen | Mollison, 1911 | 335 | 103.0| 94.0; 149.0 
| @ | Nat. M. 49768 | Schultz | 336 99.7 | 98.4| 142.7 
| @ | Wist.I.2172 | “ 339 98.2/ 91.2] 141.6 
| @ | | Mollison, 1911 | 339 98.0/ 87.0| 145.0 
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TABLE XVII (continued) 
| | | 
| | HU- | BRA- | INTER- 
AGE SEX | COLLECTION MEASURED BY MERUS CHIAL —- | MEMBR 
| | LENGTH | INDEX | — INDEX 
adult Q | Nat. M. 49848 | Schultz 340 | 98.5 | 93.8 | 145.0 
. Q | Wist.I.319 | “ 344 | 100.5/ 91.1) 147.3 
- 9 Nat. M. 145304) “ 355 | 107.5, 93.5 | 145.8 
/ J t ' 

adult & | Wist. L. 1559 | Schultz | 320 103.7| 93.9] 146.8 
-  ¥ Soe Mollison, 1911 | 329 | 101.0} 93.0| 144.0 
: @ | Wist. 1.5646 | Schultz 332 99.1) 92.8 | 145.8 
’ @ | Nat. M. 145310; “ | 841 | 107.3) 94.3 | 139.1 
@ | Wist. I. 7120 | 842 | 104.3, 94.7] 148.3 
Fe Mollison,1911 | 342 | 104.0| 96.0| 136.0 
@ | Wist. 1.2213 | Schultz | 346 | 102.8 | 95.7) 142.3 
@ | Wist. I. 2223 358 | 97.5| 92.0] 146.6 
@ | Nat. M. 49864 | “ 359 | 95.3/ 89.4) 146.2 
@ | Wist.1. 5645 |“ | 360 | 101.6| 87.6| 149.9 
© i RRS Ar ers | Fick, 1895 | 360 | 104.1| 87.3 | 142.6 
“ hiss caccuoaenaad | Mollison, 1911 | 360 | 104.0} 93.0| 141.0 
= a eee | Duvernoy, 1856 | 362 101.8 90.8 | 141.8 
. @ | Nat. M, 145305 | Schultz | 362 | 108.5 | 96.0) 142.0 
@ | Wist. 1.5644 | “ | 363 | 101.3 | 92.7) 146.4 
” Ee | Mollison, 1911 | 364 | 100.0} 90.0} 148.0 
Pt wivitncenitan Mollison, 1911 | 365 | 100.0 89.0 136.0 
@ | Nat. M. 49860 | Schultz | 365 | 101.8] 86.5 | 136.7 
D Ee. svscabusats | Delisle, 1895 | 366 | 100.0) 88.8| 140.4 
@ | Wist. 1.2168 | Schultz | 366 | 103.7/| 94.6] 137.8 
@ | Nat. M. 49858 " | 371 | 96.2/ 84.9] 138.0 
. @ | Nat.M.49855 “ 373 | 98.4 | 88.2} 145.0 
Sn. 6ceiaseeugae Mollison, 1911 | 374 | 101.0/| 94.0 | 148.0 
" * da eererrerrr erry | Mollison, 1911 | 380 | 97.0) 94.0/ 144.0 
. 5 SS | Fick, 1895 | 380 | 107.8) 88.2| 142.2 
" Pe CP eee | Delisle, 1895 | 382 | 100.6 | 91.6 | 140.5 
roi A. Jeff. Schultz 384 | 99.0 | 90.0) 144.0 
@ | Nat. M. 145301 ' | 884 | 103.4} 95.6| 145.2 
- o | Nat. M. 153823 | 385 98.7} 91.8] 141.8 
” SE, RES ae Mollison, 1911 | 386 94.0} 89.0| 148.0 
“ rt RR | Delisle, 1895 393 100.4 | 102.9 | 143.7 
@ | Nat. M. 49859 | Schultz 409 91.7|; 90.7] 142.2 

















The Skeleton of the Trunk and Limbs of Higher Primates 433 









TABLE XVIII 
: The Limb Proportions of the CHIMPANZEE (Pan Spec. ?) 






































t. | 
HU- BRA- INTER- 
CRURAL 
AGE SEX COLLECTION MEASURED BY MERUS CHIAL MEMBR. 
) Lenera | rpex | ™?™* | inpex 
3 
3 
a juven. eh te |Mollison, 1911 | 139 | 94.0 | 82.0 | 112.0 
; * ee Oe eae Mollison, 1911 | 145 88.0 80.0 104.0 
en OR ers Mollison, 1911 157 | 90.0 | 87.0 111.0 
' fe Fh Seer Mollison, 1911 174 | 92.0 | 86.0 105.0 
‘ | @ | Sch. 310 Schlultz 179 91.1 84.1 109.9 
- ee Ee et ey | Mollison, 1911 181 91.0 78.0 113.0 
‘ " Be bel Pe | Mollison, 1911 | 191 92.0 | 81.0 | 110.0 
u 
3 } 
; adult ee ea ae |Bolk, 1926 | 280 | o4.6 | 1.9 | 108.6 
) . ie Oe bers eee. | Mollison, 1911 291 91.0 | 80.0 | 106.0 
6g et ape: | Mollison, 1911 308 | 95.0 | 86.0 | 110.0 
' . BE Se Se ree | Duvernoy, 1856] 325 | 92.3 | 80.3 | 110.0 
| 
- ; : 
3 adult | @ | Nat. M. 236971 | Schultz | 251 92.9 | 82.2 105.3 
) . | @ IPAL® ie, | 262 | 92.0 | 78.4 108.9 
! " | @ | Ph.Acad.13104)  “ | 265 | 96.2 | 85.3 100.6 
. OS ene: | Mollison, 1911 266 | 94.0 | 86.0 105.0 
6 |G feseeeseeeeeeee. | Mollison, 1911 | 279 96.0 85.0 104.0 
’ ' | @ | Nat. M. 176226 | Schultz 284 | 85.6 | 83.0 106.1 
| @ | Nat. M. 176227; “ | 286 90.9 85.8 107.1 
| 9 | Nat. M.220063|  “ | 202 | 94.5 | 84.4 111.5 
) @ | Nat. M. 220062, “ 293 90.5 86.9 108.5 
) ..@ Sekonda Mollison, 1911 302 | 88.0 | 86.0 111.0 
) | @ | Nat. M. 176229 | Schults 318 | 94.7 | 86.1 110.4 
) | @ | Nat. M. 220064) “ 327 | 92.7 | 86.1 112.0 
J 
adult @ | Nat. M. 220065 | Schultz | 202 | 92.1 | 81.5 | 107.6 
" | o@ | Nat. M. 220327; “ | 205 | 98.0 | 88.8 | 108.0 
7 Pe TERR Mollison, 1911 | 296 | 94.0 | 82.0 | 104.0 
” P bosnecvewtxnanel Lorenz, 1917 | 297 | 93.6 | 83.3 | 100.5 
| ‘ 2 Th Rae oy Mollison, 1911 | 301 | 95.0 | 84.0 110.0 
“ Oe Se eee Mollison, 1911 309 93.0 | 84.0 108.0 
: ' WP? Sastesndca seca Mollison, 1911 | 310 | 91.0 | 83.0 | 107.0 
- P icasanmenwanee Mollison, 1911 | 312 | 96.0 | 85.0 105.0 
* | & | Nat. M. 220326 | Schults | 322 | g9.4 | 91.2 | 110.7 
” | o@ | Nat. M. 176228; “ 323 | 90.1 | 84.2 | 105.4 
% | o& | Nat. M. 176230; “ 323 | 94.2 85.5 | 106.2 
z. | @ |W. R. U. B 239 | Straus 339 | 93.2 | 83.4 111.5 
: | @ | Nat. M.174698 | Schultz 345 | 85.1 | 79.2 113.7 
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TABLE XIX 


The Limb Proportions of the GORILLA (Gorilla Gorilla, G. Graueri or G. Gorilla 
Graueri, and G. Beringei) 

















| | InTER- 
| | | MU | BRA | pumaL| MEM- 
SPECIES AGE | SEX COLLECTION MEASURED BY MERUS | CHIAL | | 
| LENGTH! INDEX| a — 
| | } INDEX 
| 
Gorilla gorilla | infant | Fon eeak+aucmaaeen Bolk, 1926 | 152 86.2 | 81.6 124.7 
“ mei ta See Deniker, 1885 | 170 | 81.8 | 85.2 | 123.5 
“  |infant | # | W.R.U.B 169 | Straus | 181 | 83.5 | 82.5 | 122.9 
” jinfant | @ | P.A.L.5 | Schultz | 207 | 80.2 83.7 | 114.1 
| | 
Gorilla gorilla |juv. | ? ihiay sits Sng Sik | Bolk, 1926 240 | 86.7 | 77.7 | 117.3 
. “| juv. | 2 eee | Mollison, 1911 266 | 79.0| 82.0| 120.0 
ijuv. | @|PALL.3 Schultz 276 77.9 | 84.8] 118.5 
| juv. | @ | P. A. L. 10 zz, 364 | 81.1 | 81.3 | 119.2 
Gorilla gorilla | adult | 9 | W. R. U. B 626/ Straus | 344 | 84.7] 78.7 | 120.0 
” - “pS b rere ee Mollison, 1911 | 353 | 81.0 | 84.0 116.0 
— 28 , ero, | Lorenz, 1917 354 | 79.4 | 80.5 | 118.0 
ae! ee Ae ....| Mollison, 1911 356 | 80.0; 80.0 | 121.0 
“  |adult | @ | W. k. U. B 824! Straus 357 2.4 | 81.1) 119.3 
“ ladult | 9 |P.A.L.2 | Schultz 357 | 78.2 | 82.3 | 116.3 
. “ | adult | ? | Nat. M. 220060; “ 357 | 79.3) 78.7 | 118.3 
“ “ adult | @ | Ph. Acad. 3319 | “ 358 | 82.4/ 84.0| 113.3 
* Sh See ....| Molligon, 1911 359 | 83.0) 80.0 121.0 
adult | @ | W. R. U. B 627/| Straus 360 | 84.2 | 83.3 | 121.3 
|adult | @ | Dealer, Berlin | Schultz 362 | 80.1 | 78.7 | 121.6 
ee © MD tisccewae eas eet | Mollison, 1911 365 2.0 85.0 | 113.0 
adult | 2 | P.A.L.6 Schultz 365 79.7 | 82.8 | 116.1 
. — 26 3 oro ....| Deniker, 1885 370 | 81.5 | 78.0} 110.8 
" “ ladult | 9 |P.A.L. 14 | Schultz 375 | 77.3 82.7 | 120.9 
“ * Gee Oo fesewes es ...+++| Mollison, 1911 78 | 81.0} 83.0 | 113.0 
" BAS ee Se Bolk, 1926 380 | 80.3 78.6 118.7 
SE © Oo nivesisceyetuen | Mollison, 1911 382 | 79.0; 81.0 | 117.0 
adult ie) 5 aie ioamieae a aaa Duvernoy, 1856 390 80.0 | 80.3 112.8 
adult 9 | Nat. M. 154553 | Schultz 398 | 81.7 78.0 | 117.8 
“ | adult | @ | Amer. M. 54355)“ 403 | 77.4) 78.1 | 114.0 
‘cnnaiiibaie : , 1 = lai 
Gorilla gorilla | adult co | Nat. M. 174723 Schultz | 402 | 83.6 80.2 | 114.3 
a: “ ladult | oc | Nat. M. 174722; “ |} 403 | 77.9 78.3 | 114.4 
Cw aa rere Mollison, 1911 | 403 | 79.0, 78.0 | 119.0 
adult | | Ph. Acad. 5530 | Schultz | 406 | 84.7] 81.5 | 121.1 
“ | adult | @ | Amer. M. 69398 és 407 | 81.6 80.6 | 118.6 
“ [adult | #@|P.A.L. 11 ‘ies | 411 | 82.0| 80.9) 116.2 
ed errs | Mollison, 1911 | 412 | 78.0} 79.0) 116.0 
adult | co | Wist. I. 4491 Schultz | 412 | 82.8] 77.1) 119.1 
adult | @ | Amer. M. 54356) “ | 421 | 80.3| 79.7 | 117.7 
' ; adult | # |P.A.L.1 ‘Be, | 424 | 78.9| 79.5 | 115.4 
te “  ladult | @ | W. R. U. B 624| Straus | 425 | 85.2 | 77.3] 117.3 
’ CN 2 OP Enesecsvnsveennn | Lorenz, 1917 427 | 83.4| 82.3 | 113.3 
adult SS | Mollison, 1911 427 83.0 | 77.0 | 112.0 
“ Uk SS eee | Mollison, 1911 | 428 | 80.0| 79.0 | 118.0 
- Oo FO EO len cnadnssswans | Mollison, 1911 428 | 83.0/ 78.0 | 121.0 
“ “ | adult | o | Ph. Acad. 11805 | Schultz | 431 | 80.3 | 79.0] 120.2 
" “ | adult | @ | Zo. Col. 4 | 432 | 80.5 | 80.5 | 115.2 
” “ ‘adult | # | Nat. M. 220325 . | 433 | 81.3] 78.3 | 117.9 
" © fadult | A ]...cceeeeeeeees Mollison, 1911 434 | 83.0 | 84.0 | 114.0 
™ | adult PP hicvsccvnvessvcs Mollison, 1911 435 85.0 77.0 | 119.0 











Ge 


Ge 


G 








The Skeleton of the Trunk and Limbs of Higher Primates 435 


TABLE XIX (continued) 















































| HU- BRaA- INTER- 

| CRURAL;] MEM- 

SPECIES AGE SEX COLLECTION MEASURED BY MERUS | CHIAL INDEX npat 

| LENGTH| INDEX heances 

ee a a ) nea | Mollison, 1911 437 | 82.0| 81.0} 115.0 
ws adult | @ eee fp eee Lorenz, 1917 440 | 80.0| 85.8} 116.1 

‘ adult | o | Pe ET Duvernoy, 1856 | 440 | 75.4| 81.4 | 114.6 

as eh RE Ye Mollison, 1911 441 | 81.0| 79.0 | 116.0 

“ ladult | ot | P. A. L. 12 Schultz 442 | 80.1 | 81.7 | 114.4 

adult | & | P.A.L. 13 se 447 | 78.1 | 79.2 | 117.2 

, o See © Pe css chakees Bolk, 1926 452 | 83.6 | 80.1 | 113.2 

, . Reet esac al *....| Du Chaillu, 1861| 457 | 75.7] 80.0] 123.4 

' - adult o | W.R. U. B 1020} Straus 460 | 75.7 | 83.1] 116.3 

‘ lJadut | ¢/P ALS Schultz 480 | 76.5| 79.8 | 119.0 
Gorilla graueri | adult g | Biaiced. 2 \s''9- asia ata Lorenz, 1917 372 75.5 77.8 | 116.0 
5 a oo 3 eer Lorenz, 1917 385 | 74.5 | 76.0 | 115.6 

*  Jadult | Pf... ...cee eens Lorenz, 1917 428 | 79.2 | 77.0 | 118.5 

iq adult  toskacs cake Lorenz, 1917 447 76.3 78.5 | 115.4 

*  fadult | oP ]........eeeeee Lorenz, 1917 465 | 75.5 | 80.7 | 115.7 
Gorilla beringei| infant o | Nat. M. 239884 | Schultz 188 79.8 | 75.5 121.1 
" “| juv. @ | Amer. M. My | 250 | 76.0) 75.6 | 115.5 

. “ | juv. @ |P.AL7 | 5 | 326 | 84.0) 81.8 | 111.5 
Gorilla beringei| adult | @ | Amer. M. 54091 | Schultz 344 | 85.0 | 79.8 | 113.8 
vi adult | @ | Amer. M. 54092 3 362 | 83.5 | 85.9 | 109.6 

" “| adult | o | Amer. M. 54090 | 390 | 88.5 | 79.3 | 110.2 

_ “ | adult | co | Amer. M. 54089 | 412 | 87.4 | 83.1 | 111.6 
|adult | o | Nat. M. 239883; “ | 435 | 83.2 | 79.5 | 116.8 
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TABLE XX 
Some Proportions in the Skeleton of the HAND of Primates. 





The Specimens Are 


Listed According to Increasing Length of Ray III (Metacarpus + Phalanges of 


Middle Finger) in the Same Species and Sez. 


The 11 Hand Skeletons of Negroes and 


Whites from the Anatomy Department of the University of Maryland Were Kindly 
Measured for the Writer by Dr. W. L. Straus, Jr. 






































| P. * 
| | - S| 5| 
o a Pan. 
ra = | aie} ie | ais | 
PRIMATE AGE SEX | COLLECTION 3/2 . c s|5 
| | | 2 | aa] Sik | Sl~ | 
Bnd BE} -8| 32 | 3: 
| | ~ mim] <8 3 “ 
| eke 2 [ala] el oie | 
| : 
Cebus capucinus | adult | @& /A. Hopk. 249 a | 67} 58.2 | 64.2 | 56.4 
Alouatta seniculus adult | of | Oo. 763 | 112 | 52.7 67.8 | 61.0 
Pithecus rhesus adult | | Sch. 333 87 | 46.0 | 57.8 | 47.5 
Papio hamadryas juv. oa | A. Hopk. 15 58 | 53.4 | 51.7 45.2 
Pygathriz germaini | adult fot A. Hopk. 139 | 96 | 39.6 | 59.4 | 50.0 
ies. < ES A EM 8 SE oS ee a i | 
| 
Hylobates leuciscus | juv o Nat. M. 156296 109 | 41.3 | 61.5 | 48.8 ! 
Hylobates leuciscus | adult ou Nat. M. 154722 |} 132 | 42.4 59.1 | 46.4 ! 
Hylobates agilis | adult a | Nat. M. 49694 | 157 | 44.5 | 61.7 | 50.0 
Hylobates lar jadult | oc | Sch. 907 149 | 44.9 | 59.0 | 47.7 
Symphalangus klossi adult g | Nat. M. 49657 |} 119 | 47.0 60.5 | 50.0 ! 
Symphalangus klossi adult | o | Nat. M. 49656 121 | 47.1 | 61.1 | 49.1 : 
Symphalangus syndact. | adult | <* | Sch. 130 153 | 44.4 | 60.1 | 48.5 | 
- = 4 
Pongo pygmaeus juv o | Nat. M. 49849 | 175 30.3 | 59.5 | 49.0 
Pongo pygmaeus ijuv. | o | Nat. M. 49960 , 197 | 35.0 | 56.9 | 49.3 
Pongo pygmaeus adult | 9? Nat. M. 153805 | 207 | 35.7 | 57.0! 47.3 ! 
Pongo pygmaeus | adult fo Nat. M. 145301 | 97 37.3 | 57.4 46.2 ! 
Pan spec.? ladult| @ |P.A.L.9 | 175 | 39.4 | 57.2 | 50.7 | 
Pan spec.? jadult| < | Nat. M. 220326 199 | 39.7 | 60.4 | 50.6 
Gorilla gorilla ladult| ¢ |P.A.L. 14 | 184 | 45.6 57.6 | 50.0 | 
Gorilla gorilla ladult! 9 |PA.L.6 | 188 | 44.6 | 58.0 | 50.0 | 
Gorilla gorilla ladult| @ |P.A.L.2 | 191 | 42.3 | 57.1 | 44.4 | 
Gorilla gorilla juv. | @& |P.A.L. 10 192 | 44.7 | 57.3 | 50.0 
Gorilla gorilla adult | o@ | P.A.L. 13 211 | 42.1 | 55.9 | 43.8 
Gorilla gorilla jadult| @ | P.AL1 | 214 | 44.3 | 57.0 | 48.4 
Gorilla gorilla | adult fou P.A.L. 11 224 | 46.4 | 58.0 | 48.1 
Gorilla gorilla jadult} o& |P.A.L. 12 | 226 | 45.1 | 56.6 | 49.0 
Gorilla gorilla adult}; o@ |P.A.L.8 231 | 45.9 | 56.3 | 47.2 
Gorilla beringet juv. ¥ -; aan 173 | 49.7 | 59.0 | 50.0 
Gorilla beringei adult Q | Amer. M. 54091 | 173 | 48.0! 60.7 | 50.6 
Gorilla beringet adult| o@ Amer. M. 54089 | 198 51.5 | 59.1 | 52.0 
Gorilla beringet adult fou Nat. M. 239883 ; 208 | 52.0 57.3 ; 50.0 
Gorilla beringet adult | of Amer. M. 54090 217 | 48.0 59.5 | 50.9 
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TABLE XX (continued) 










































































| > B| = 

3 ar 3 
. a5 | alg 
E | al | oz | Sis 
PRIMATE AGE | SEX COLLECTION : sig | eit | ola 
a Zia | ais | alo 
a a). | 5 S| 
~ ~ Zi» Zi» 
| = “iE | dig] die 
» min | Si™ 1 98 

tae a | 4g} ei ls 

i | 

Homo (Negro) jadult | 9 | A. Hopk....... | 149 | 63.7 | 59.7 | 52.6 
Homo (Negro) | adult © te teem. 2.3: | 149 | 63.7 | 57.7 | 51.6 
Homo (Negro) jadult; @ |P.A.L........ 162 | 60.4 | 59.2 | 53.1 
Homo (Negro) ladult; @ | Univ. of Md. 113 169 | 64.5 | 59.2 | 53.2 
Homo (Negro) jadult | go | A. Hopk....... 159 | 61.0 | 57.8 | 53.6 
Homo (Negro) jadult | | Univ. of Md. 120 160 | 61.8 | 58.7 | 52.5 
Homo (Negro) adult | @ | P.A.L........ 162 | 61.6 | 58.6 | 53.0 
Homo (Negro) adult fot A. Hopk. 356 165 | 61.8 | 58.1 | 52.9 
Homo (Negro) adult SP te Gree isvias 166 | 63.9 | 59.6 | 53.8 
Homo (Negro) adult | o | A. Hopk. 353 E 169 | 65.1 | 59.8 | 52.7 
Homo (Negro) adult fei A. Hopk. 403 E 170 | 63.5 | 60.0 | 56.5 
Homo (Negro) adult | @ | Univ. of Md. 106 175 | 62.3 | 58.3 | 51.4 
Homo (Negro) adult | o | A. Hopk. 380 176 | 61.9 | 58.5 | 54.1 
Homo (Negro) adult a | oS {eae 176 | 63.6 60.2 | 54.4 
Homo (Negro) ‘adult | o | A. Hopk. 406 E 177 | 60.5 | 60.5 | 55.1 
Homo (Negro) adult | )P.A.L. ...... 177 | 62.7 | 60.5 | 53.1 
Homo (Negro) adult | o@ | A. Hopk. 408 E | 179 | 61.5 | 57.0 | 54.5 
Homo (Negro) adult | @ | Univ. of Md. 130 | 185 | 63.8 | 57.3 | 53.4 
Homo (White) ‘adult | @ | Univ. of Md. 121 | 137 | 50.8 | 56.9 | 51.2 
Homo (White) }adult | @ | Univ. of Md. 98 | 147 | 63.9 | 57.1 | 52.1 
Homo (White) jadult} @ |P.A.L........ | 147 | 65.9 | 59.1 | 52.5 
Homo (White) jadult| o@ | P.A.L......... | 153 | 63.4 | 59.4 | 52.6 
Homo (White) |adult | @ | Univ. of Md. 104 | 154 | 61.0 | 57.1 | 53.2 
Homo (White) }adult | o | A. Hopk. 411 F 158 | 64.6 | 58.8 | 52.9 
Homo (White) adult | < | Univ. of Md. 100 | 158 | 65.9 | 57.6 | 51.9 
Homo (White) }adult | o | A. Hopk. 405 E | 160 | 66.3 | 59.3 | 53.7 
Homo (White) ladult | o | Univ. of Md. 111 | 162 | 64.9 | 61.0 | 54.3 
Homo (White) ladult | @ | A. Hopk. 418 | 163 | 65.1 | 59.5 | 53.7 
Homo (White) jadult| o | A. Hopk....... | 165 | 64.3 | 58.7 | 50.9 
Homo (White) jadult | o | Univ. of Md. 118 | 172 | 65.1 | 58.1 | 53.5 
Homo (White) |adult | @ | Univ. of Md. 129 | 174 | 66.1 | 59.2 | 53.0 
Homo (White) adult} @ |P.A.L......... | 176 | 64.8 | 61.4 | 50.9 
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TABLE XXI 
The Total Length (in Mm.) and Some Proportions of the Skeleton of the FOOT of 
Primates 
| | e | ielslel le 
j cS |BisiLic 415 “ 
| } Zz Elz 5/z = |Z sie - 
| } a an ;RR Ba Bel ole 
= Ziel ela ein Sis o|2 
PRIMATE AGE | SEX | COLLECTION 5 iA § Bis ais z| 5 a3 
© j#iel@iolzic| Sia zis 
& b <i mie & | <|< 
a |B alElalsia) 2) ale 
| < <i*lcia <i< re <ile 
| 5 8/5/8/5/5/5| 3/5] el 
z leimle| le] Mie | Mis 
Cebus capucinus | adult | @ | A. Hopk. 249 b 127 |32.3|30.7/37.0| 66.2) 90.0 
Alouatta seniculus adult | o | Sch. 763 168 |29.2/30.3/40.5|) 56.3) 91.4 
Pithecus rhesus |adult | @ | A. Hopk. 99 (128 /32.0132.8/35.2) 51.7) 73.1 
Pygathriz germaini ;adult | @ | A. Hopk. 139 [164 '29.2/30.5'40.3| 52.6, 72.2 
Lasiopyga pygerythra =| adult | co | A. Hopk. 148 1147 |32.6)32.6/34.8) 53.5] 76.7 
Colobus abyssinicus |}adult | 9 | Amer. M. 52223 169 |30. 1/32. 5|37.4) 46.6| 77.5 
Hylobates pileatus |adult | @ | A. Hopk. 133 |137.5|28.3|30.5/41.2| 68.0] 76.3 
H ylobates pileatus adult | @ | A. Hopk. 126 138. 5)27.8/31.0.41.2| 54.0) 86.2 
H ylobates agilis adult | o | Nat. M. 49694 1148 |27.0/29.7/43.3) 70.3) 90.0 
H ylobates lar adult | o* | Nat. M. 49463 |139 |28.0|30.2'41.8| 71.0) 73.2 
Hylobates lar |adult | @ | Sch. 907 |141 |26.9|31.2/41.9| 66.0| 83.8 
Hylobates leuciscus |juv. | o& | Nat. M. 156296 110 |30.0/29.140.9} 68.8) 89.3 
Hylobates leuciscus |adult | o | Nat. M. 154722 132 |29.5|31.8/38.7| 67.8] 80.0 
Symphalangus klossi jadult | 9 | Nat. M. 49657 122 |28.7/30.3)41.0) 69.0) 81.8 
Symphalangus klossi adult | o | Nat. M. 49656 122 |29.5/30.3/40.2) 70.9| 79.4 
Symphalangus synd. |adult | @ | Sch. 130 151 |25.8/32. 4 41.8) 66.9) 92.3 
| | ! | 
Pongo pygmaeus | juv. ? | Wist. I. 2174 126. 5/25. 3/30. 144.6 28.0; 82.8 
Pongo pygmaeus | Juv. a" | Nat. M. 49849 |209 (25.4,30.1/44.5|) 34.6) 86.2 
Pongo pygmaeus | Juv. ? | Nat. M. 49960 1254 |27.1/31.5/41.4) 34.0] 65.8 
Pongo pygmaeus jadult | @ | Wist I. 2173 1293 |26.3/31.3.42.4) 40.7) 72.5 
Pongo pygmaeus | adult @ | Wist. I. 2223 305 /26.5)30.143.4/ 40.1/100.0 
| 
Pan. spec.? ‘adult | @ |P.A.L.9 1191 34.0/29.8/36.2| 69.0] 93.3 
Pan. spec.? jadult | co | Nat. M. 220326 1234 36.7/28.2 35.1] 64.1) 93.9 
Gorilla gorilla adult | 9 | R.A.L. 14 \241 |37.3/28.2/34.5| 62.9] 86.2 
Gorilla gorilla adult | 9 | P.A.L.6 |251 |37.5/27.9/34.6| 64.4) 87.1 
Gorilla gorilla adult | 9 | P. A. L. 2 |259 |38.6/27.8)33.6) 60.4) 88.2 
Gorilla gorilla juv. oa | P. A. L. 10 255 |38. 0) 28. 6/33. 4| 64.6) 88.9 
Gorilla gorilla adult | @ iB. A. L. 13 (278 \42. 4/27 .0/30.6) 68.2) 81.7 
Gorilla gorilla adult | o@ | P. A. L. 12 (292 |40.8/27.4/31.8| 68.8/105.0 
Gorilla gorilla adult | @ | P.A.L.1 1294 |40.5/27.5/32.0| 60.0! 78.0 
Gorilla gorilla adult |. 7? | P.A.L. 11 1303 39.6 27 | 4/33.0| 66.1| 92.1 
Gorilla gorilla adult | @ | P.A.L.8 318 |40.9/26. 4/32. 7| 68.1) 91.0 
Gorilla beringei juv. | 9 | P.AL.7 230 |38.7|27.8/33.5! 68.8| 90.2 
Gorilla beringei adult | 9 | Amer. M. 54091 223 /40.8)/26.0/33.2|) 74.2) 96.0 
Gorilla beringei adult | 9 | Amer. M. C. A. 47 241 (37.7|27.8/34.5| 72.7| 84.7 
Gorilla beringei adult | o | Amer. M. 54090 259 |41.4/25.9/32.7| 73.7| 96.5 
Gorilla beringei adult | @ | Nat. M. 239883 273 |43.3/26.0/30.7, 77.5) 93.5 
Gorilla beringei adult | co | Amer. M. 54089 283 (42.1 25.1 32.8) 70.5) 97.4 
Homo (Negro) | adult 2 | A. Hopk. {201 |50.7/32.3:17.0\108.1) 91.1 
Homo (Negro) ladult | o | P.A.L. . 1215 |49.8/29.8'20.4) 99.1) 94.5 
Homo (Negro) adult | o | A. Hopk. \234 |49.2/30.3'20.5/100.0) 86.0 
Homo (Negro) adult | @ |P.A.L. . 248 (47.2/31.0,21.8) 91.7) 90.5 
Homo (Negro) adult | o@ | P.A.L.. 252 /48.8/28.9/22.3| 92.3) 98.3 
Homo (Negro) adult | a ||P. ALL. 264 /48.8'29.1/22.1| 94.9/100.5 
Homo (White) adult | @ |P.A.L.. 226 (50.0,28.7/21.3) 94.8) 87.8 
Homo (White) adult | @ | P.A.L.. 237 |50.1/29.5/20.4) 99.2) 91.8 
Homo (White) adult | @ | P.A.L.. 242 /48.0/28.5/23.5| 94.5) 95.1 
Homo (White) adult | o | A. Hopk. 253 +=/49.0/28.1|22.9) 97 0} 95.3 
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INTERIM REPORT ON THE SKULL OF SINANTHROPUS 
MARCH 29, 1930* 





Since my last report before the Society, work has progressed on the 
Sinanthropus skull specimen till now its whole external surface has been 
freed from travertine, with which however its interior is still filled. 
Various phases of the work of preparation are illustrated by the lantern 
slides. The whole of the frontal bone and the major parts of both 
parietals, which during their preparation were separated from the stone 
filling the interior, have now temporarily been replaced so that the 
specimen as a whole could be photographed with its parts in approxi- 
mately correct relation. The cracks which are now so evident between 
various parts of the skull vault can be eliminated only after the interior 
of the specimen has been completely cleared of travertine. These 
natural size photographs were taken with a short focus lens and so do 
not represent geometrically correct projections. 

The preliminary photographs show in unmistakable fashion certain 
of the major characters which serve sharply to distinguish Sinanthropus 
from other hominid types ancient or modern. In Sinanthropus the 
maximum skull breadth falls between the supramastoid elements of the 
temporal bones, the narrower maximum, interparietal breadth lying 
between points close to the postero-lateral angles of the parietals. Thus, 
though the parietal eminences are quite well developed, the sides of the 
cranial vault below them are markedly inclined toward one another. 

The bones of the cranial vault show considerable variation in their 
thickness, being much thicker in certain regions (e.g. below the lambda) 
than was at first supposed. They are on the whole thicker than in the 
average modern skull but, at least in the fronto-parietal region, they 
fall far short of being of the excessive thickness so characteristic of this 
region in Hoanthropus. 

Certain unique morphological features whith were obscure in the 
earlier stages of preparation are now to be seen in the lateral and basal 
views of the specimen. In my preliminary note reference was made 

*Read at the Annual Meeting of the Geological Society of China, and pub- 


lished in the Bulletin of the Geological Society of China, Vol. IX, No. 1, 1930. 
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to what appeared to be a markedly developed post-glenoid process. 
The hard calcareous deposit in the mandibular fossae and about the 
external auditory passages has now been removed and it becomes 
clearly evident that the structure previously considered as part of a 
post-glenoid process is in reality a very peculiarly developed tympanic 
portion of the temporal bone. The mid-part of the floor of the external 
auditory meatus is deficient for some distance inwards, leaving a deep 
and narrow fissure between massive anterior and posterior parts of the 
tympanic element. In the latter the posterior moiety is developed 
to form a prominent crest which extends inwards to the base of the 
minute styloid process, the anterior portion forming 2 massive rounded 
wall limiting the mandibular fossa behind the petro-tympanic fissure. 
The relations obtaining in these parts are of extraordinary interest 
since here for the first time among hominids a stage of development is 
manifest which is much more archaic than that obtaining in Neander- 
thal man while at the same time it presents features recalling the 
relations characterizing this region in anthropoids (e.g.Chimpanzee). 
Boule pointed out long ago that the morphology of the tympanic 
element in the La Chapelle skull recalls in certain respects the condi- 
tions obtaining in that region in the chimpanzee, presenting characters 
somewhat intermediate in type between the latter form and Homo. 
The relations of these parts in the Sinanthropus specimen may thus 
with propriety be termed pre-Neanderthaloid, representing an evolu- 
tionary stage preceding the Neanderthal-like types. The morpho- 
logical evidence so far available with respect to the position of 
Sinanthropus in the hominid scale would thus place the latter form 
not far removed from the type from which evolved both the extinct 
Neanderthaler and the modern Homo sapiens. 
Davipson Back. 
Honorary Director. 
Cenozoic RESEARCH LABORATORY. 
GEOLOGICAL SuRVEY OF CHINA. 


ERRATUM 
The following sentence in my article ‘‘A Critique of Professor 
Frederic Wood-Jones’s Paper ...” (Human Broxnoey, Vol. II, 


No. 1, p. 105) is erroneous and should be deleted: 

“ . . . In the existing African lemuroids the tympanic bone is no 
longer enclosed within the bulla, but few would argue that in general 
the auditory regions of Galago and Nycticebus are more primitive than 
those of Notharctus and Adapis.” WituraM K. Gregory 
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Right and left lateral views of the skull of Sinanthropus. 
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Basal and vertical views of the skull of Sinanthropus. 
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Anterior 


Mar 26 1930 


and posterior views of the skull of Sinanthropus. 
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